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I, Introduction, 
During a two-years residence at Missoula Montana from 1914 to 
1916 the writer became acquainted with the biology of the inter- 
montana region of the Bitter Root Valley, The heavy trematode in- 


fection of animals in this locality has led to the study of the 


agamic trematodes of the region, 
An opportunity is taken at this place to express appreciation 
to all who have aided in the study, but especially to Professor 


| 
| 
| Henry B, Ward, whose kindness and sincere interest have made the 
| 

| work possible, 

: 

; 


II, The Topography of the Bitter Root Valley. 


ing between the main range of the Bitter Root Mountains to the 
West and the subsidiary spurs of the Rocky Mountains to the East 
and South, From Hamilton to the outlet of the Valley at the North, 
@ distance of some sixty miles, the Valley has a width of about 


The Bitter Root Valley occupies a north-south direction, ly- 
| 
| 
| ten miles, This basin is drained by the Bitter Root River, a 


stream which is fed by a large number of tributaries up in the 
mountains, and which unites with the Missoula River to form the 


Clark's Fork of the Columbia River in the vicinity of Missoula. 


The River ijies nearer the Bitter Roots than the Rocky Mountains, 


On the West the Bitter Root peaks rise abruptly as cragged prominen- 


céeés and severely sculptured precipices, The water comes almost 
entirely from the snow on the peaks and is conveyed for the most 
part by short, straight tributaries, set at right angles to the 


River. In general these laterals resemble sluiceways of an irri- 


ee ee 


|| gation system, On the East the slope above the basin is gradual, 


| rising terrace above terrace, only suggesting the height of the 
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Cordilleran Ice Sheet which blocked the outlet of the Clark's 
1 Fork and caused the formation of Lake Missoula, one part of which 
extended up the Bitter Root Valley and covered the present Valley 
to a depth of about one thousand feet, a fact determined by the 
| beach lines at 4200 feet elevation at Stevensville, This lake, 
altho very transient, has brought with it a large amount of allu- 


vium and detritus which has covered the rough granitic basin and 


has created a sort of a flood plain, thru which the stream has 
meandered, shifting the plain frequently and giving rise to num - 


erous bayous and abandoned channels. Some of the old channels 


| 
| | 
i 
} 
| 
| 


have been filled with alluvium and mold and have given rise to 
a top turf resting on ooze, Others have become spring meadows. 
In the upper reaches of the Valley am in the tributaries 
| from the Western slope the fall of the water is considerable, 
| often reaching three to four hundred feet per mile, The main 
Stream from Hamilton to the confluence, on the other hand, is 
very gradual in its fal} having a drop of only thirty to thirty- 
| five feet per mile. The amount of the fall, together with the 
great deluge of water that is poured off the Bitter Root water- 
shed at the time of the Spring thaw, causes a torrent to course 
down the stream at this season, cleaning out the bed down to the 


granitic boulders, and appreciably altering the flood plain, Ordi- 


NMarily, however, the flow in the lower reaches is only about four 
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An interesting of the ecological problem of the Bitter Root 
' fauna is its present biological isolation, Since the by-products 
of the mines and smelters at Butte and Anaconda were first emptied 
| into the Missoula River in 1865 that River has been increasingly 
uninhabitable for aquatic life from the source of the contamination 
to some distance below the confluence with the Bitter Root River, 

The sloughs and bayous of the River have become filled with 
plant and animal life, imbedded in a loose matrix of Chara, Among 
| the macroscopic forms there are three species of molluscs, These 
snails have been identified by Mr. Bryant Walker of Detroit, Mich- 
igan, as Physa gyrina Say, Lymnaea proxima Lea, and Planorbis tri- 
volvis Say. These forms are the hosts of the agamic trematodes 
of the Valley, 

Two facts stand out predominantly in the study of these par- 
asites. The one is, the large number of species of agamic trematdes 
in the snails within the limited range of the Valiey, The other 


fact is, the high per cent of infection among individuals of a 


Species, and , coupled with that, the heavy infection within each 
infected individual. 


There have been found ina single season's collection thirteen 


trematode species in the snails of the Valley, and one larval 

| trematode in thé squaw-fish, Ptychocheilus oregonensis Richardson, 

| A total of fifteen collections of snails was made during the Fall 
of 1916, Thirteen of these collections contained trematode in- 

‘aH fections, Among these (Table I) Lymnaea proxima was taken five 

| times from five different localities, Physa gyrina was taken ten 

Planorbis trivolvis 


LT 


times from eight different localities, and 


was taken twice from two localities. An analysis of this table 
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SPECIES Number of Collection 
610 11 18 13 1415 16 1718 19 20 21 38 33 3 


Monostomes 
Cercaria pellucida 
C. Konadensis 


| Holostomes 
C. flabelliformis 
C. ptychocheilus 


crenata 
glandulosa 
diaphana 
dendritica 
micropharynx 
racemosa 
trisolenata 


biflexa 
gracillima 
tuberistoma 
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Table I. Distribution of Cercariae in the Bitter Root Valley. 
a@- Physa gyrina, b- Lymnaea proxima, c- Planorbis trivolvis, 
d= Ptychocheilus oregonensis. Compare with map (pagel0f, 
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Textfigure A,- Sketch map of the Bitter Roct River 


Montana and its tributaries, together with 


its confluence with the Clark's Fork of 


the Columbia River, 
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jicates that the predominant species of the collections in the 
per reaches of the Vally is the Physa, while that of the lower 


3 hd 
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teaches is the Lymnaca, while the Planorbis was found only in the 
bower reaches of the Valley, and there in small numbers. 
The infection records show that the host is not specific. In 


infection of the mollusc with Cercaria vellucida the host 


Lymnaea. Cercaria gracillima was found in both Physa and Lymnaca 
ir the rezion of the Buckhouse Bridge from different collections 
Baria trisclenata was found in both Physa and Planorbis from 
) sie Game collection in the vicinity of Fort Missoula, While no 
i 

pe asite species was found in more than two of the three snails of 
the Velley, there is no reason to believe that the third species 
Mf Snail might not be the host under the proper conditions. This 


@w is contrasted to that of Thomas (1883:106) who found that 


iv 
Only one English molliec, Lymnaea trunculata , "could serve as an 
intermediate host to the liver fluke", altho this writer sugzested 


that other species of snails in other countries must serve as host 


to the worm. when two hosts so different structurally as Physa and 


Planorbis are equally heavily infected, it seems evident that the 
attraction for the miracidium of the fluke can not be entirely 


spe sific., In the case of Cercaria trisolenata, where the infec- 


sic) 2 ranged — 62 per cent to 100 per cent in Physa and from 


ed facultative. Specimens of this parasite species were equally 
Well developed in both host species. 
In several instances the sane species of snail from the same 


pOliection harbored two or more cercariae. 


= 


around the Buckhouse Bridge was Physa, while that up the Valley was 


O per cent +o 100 per cent in Planorbis, the host must be consider | 
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For example, (Table I), at the Maclay Sloughs both Cercaria tri- 


 BOlenata and C. gracillima were found in the same species, Physa 


gyrina, in fact in the same host individual. This case is parallel- 


ed by the record of Cort (1915:55), where the sporocysts of Cercaria 


| polyadena Cort and C. reflexae Cort were found within the same 


liver tissue of Lymnaea reflexa. However, Ssinitzin (1911), in 


an eXamination of several thousand gasteropods of six species, in 


which were discovered twenty-one species of cércariae, makes no 


record of two species in the same host individual, Hausmann(1897: 


16), in referring to the dominance of one parasite species in the 


individual host, regards this phenomenon as a biological antagonism, 


In the collection of Lymnaca proxima from the Buckhouse Bridge 


three species of agamic trematodes were found as parasites, Cer- 


Caria dendritica, C. racemosa, and C, gracillima, In such a case 


as this , one species, C. dendritica, was present in each host in 


| large numbers, while C. racemosa was less frequent, and the third 


Species of worm, C. gracillima, consituted a very light infection 


1 in only one of the thirty-two snails examined, 


Turning to the per cent of infection in the snails collected 


(Table II), we see immediately that a very heavy parasitism exists. 


The data are the more significant when compared with the records 


of other investigators, Cort (1915) gives detailed data for 


eleven species of molluscs collected from nine localities, The 


_ COllections were made in the Fall of 1913, The least per cent of 


_ individuals infected was 1.4, for Pleurocerca elevatum, secured 


— from the Sangamon River at Mohamet, Illinois. This molluse con- 


_ tained the larval parasite Cercaria megalura, The heaviest infec- 
tion recorded by Cort was that of C. isocotylea, where an 18 per 
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SPECIES HOST EXAMINED INFECTED PER CENT 
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1.Cercaria pellucida a 18 5.5 
8.Cercaria pellucida b 16 5 31.9 
3,Cercaria konadensis b 16 5 51.3 
4,Cercaria flabelliformis a 34 5 14,7 
5.Cercaria flabelliformis a 10 3 30,0 
6,Cercaria flabelliformis a 12 “s 85.0 
7.Cercaria ptychocheilus 4d 6 6 100.0 

8, Cercaria crenata b Be 3 13.6 

| 9,Cercaria glandulosa a 5 2 40,0 
40.Cercaria diaphana b 16 5 31.3 

41 .Cercaria dendritica b 14 5 Oget 

| is,Cercaria dendritica b B9 3 10,5 
i3,Cercaria micropharynx b 32 3 56.3 

| i4,Cercaria racemosa b 29 3 10,3 
. i5.Cercaria trisolenata a 12 18 100,90 
‘| 16.Cercaria trisolenata 1 1 100.0 
i7,Cercaria trisolenata a 8 ra) 25,0 
18,Cercaria trisolenata a 18 4 28.8 
19,Cercaria trisolenata sl 2 1 50.0 

, 60.Cercaria biflexa a (ie: 5 7.0 
) #l,Cercaria gracillima a 12 ai 8,3 

| 6,Cercaria gracillima a 18 a 5.5 
23,Cercaria gracillima a 29 5 17.3 
| 4,Cercaria gracillima a8 71 33 46.5 
| @),Cercaria gracillima b 38 ug 5.1 
| <6.Cercaria tuberistoma a 19 1 5.3 


Table II. Infection Record of the Cercariae of the BitterRoot 


| Valley. a- Physa gyrina, b- Lymnaea proxima, c- Planorbis tri- 
a. volvis, d= Ptychocheilus oregonensis, 
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cent infection was found in Planorbis trivolvis from Urbana, Ill- 
inois, The average infection from Cort's eleven species records 
ds 8.5 per cent. Ssinitzin(1911) has recorded data from twenty- 
one species of cercariae described by him for the vicinity of the 
Black Sea at Sebastopol. In many cases his records show a iniquely 
iow parasitism, practically insignificant from a pathological 
point of view. Out of 1159 individuals of Rissoa venusta only one 
each was infected with the larvae Cercaria cribrata and C. meten- 
Gera, or, in each, only a 0.06 per cent infection. The heaviest 
infection found by this investigator among these twenty-one species 
was that by C. zernowi in Cardium exiguum, 7.0 per cent. The av- 
erage for the twenty-one species is only 1.34 percent. In the 
Cases of the larvae found in Cerithiolum exile and Rissoa venusta, 
the percentage of infection is so low that no parasites would 
have been found had not a large number of snails been collected 
and examined, 

In contrast with the parasitism of these mollusca with 
cercariae is the infection with the agamic trematodes in the 
Bitter Root Valley. The lowest per cent infection is that with 


Cercaria gracillima in Lymnaca proxima from the Buckhouse Bridge, 


$.1 per cent. From a different slough in the same locality one 
month later a 46.5 per cent infection with this species was found 
in Physa, indicative of a fluctuation of the worm within a very 
circumscribed area, The least infection of Physa with C. grac- 
illima is from the Maclay Sloughs farther down the River, 5.5 per 
cent, On the other hand, C. trisolenata was found as a hundred 
per cent infection in both Physa and Planorbis collected from these 


Same sloughs, Taken as a whole the infection average for the 
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Bitter Root molluscs is 89,08, The average by host species is 
1 Slightly different, 24.8 per cent for Lymnaea, 25.16 per cent for 
Physa, and 75.0 per cent for Planorbis, Leaving Planorbis out 
of consideration because of the few specimens collected, we have 


an average infection of over 34 per cent in the hosts Lymnaea prox- 
ima and Physa gyrina. 


III, Methods of Investigation, 

Preliminary examination of several collections of snails 
during 1914-1915 gave the writer an insight into the possibilities 
of the study of the agamic trematodes of the Bitter Root Valley, 
Plans were made accordingly and an intensive study of these forms 
} Was made from live material shipped to the writer at the Univer- | 

Sity of Illinois during the Fall of 1916, The majority of the col- 
lections were made by Mr. Norbert Sager of Missoula, A sketch 
| Map (text fig, 1) indicates the location of each collection, The 
| Snail coliections are numbered 10 to 324 inclusive, and include all 
| three snails from the lower reaches GP hws Valley and Physa and 
| Lymnaea from the upper reaches around Corvallis, The snails were 
| Shipped in damp green moss and arrived in excellent condition, 
|| The shipments were arransed so that one collection had been ex- 
amined and a careful study made of the live parasites before 
| the next shipment arrived. In this way about a week was allowed 
for the study of each species from the living material, 
The observations on living material gave data on the stages 


Of development within the mollusc, on the methods of locomotion, 


On excystment, and on the excretory system, 


In every species of larval trematode secured from the snails 
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the mother redia or sporocyst was found, In no cases were Ssporo-- 
cyst and redia found in the same species. In no case were mother 
ana daughter sporocyst found, altho it is the writer's belief that 
in certain groups these two generations are produced seriatim, as 
Leiper has recorded them for Schistosoma haematobium larvae (1915). 
In one case, in the holostome larva, Cercaria flabeélliformis, 
three generations of rediae were founda, altho along with them were 
young cercariae. Mature cercariae were found in all species of 
flukes discovered, and usually all stages of development, in 
series from the parthenogenetic ovum to the mature cercariasc. 

The worms were removed from the infected tissue and placed 
in a watch glass in 0.3 per cent saline solution, The change 
from the host tissue to the saline medium usually caused rapid 
movement. Ordinarilly this mobility is due in part to the lashing 
and turbine action of the tail, altho the cercaria is able to 
crawl about with ease after decaudation, In species where the cer- 
cariae cast off the tail and encyst within the primary host (the 
Snail), the tail seems to be of questionable value, In forms like 
the furcocercariae, where there is a free-swimming stage previous 
to the infection of the definitive host, the tail is an essential 
Organ or locomotion, 


With the exception of the furcocercariae, encystment has been 


observed in all of the groups studies. No cystogenous glands have 


‘been found in either of the two species of furcocercarias dis- 
covered, and it is altogether probable that encystment is not a 
preliminary step to a change of host in this group. 


It is essential that the excretory system be studied in the 


living material, Aside from the vesicle and the main trunks of 


& ote eotda gery 


\ aay 3 5 OW. »,eehvede ease one a 
Lod ts) Oeegep eae wi OT Git fa. ee 

savetvee Betvisdes terre aii SIATUYG ow wane 

N26) aw et gut eo the tie a i Soest as res Se ms 


— ” “e > - ’ 
(Ribred Gis EB As ELISOUO! ATWO eo esos gag 


: ( Beat Ly {wot oer Belfet fo 
5 ra i= ‘ i3 " Abe § Uk *. 


a *< f i 
de | RA COT ‘ a J i” 


Sa 
i= " , ia 
Pe 2 dalle Bee Tax a wiv vse ree Leis { off! 

i a > i 


4 wv Aes it yes Sus ei 4 ob a wv ; ¢y > — Ly ; S67 (sii % ‘etyw . 


PMGeED OTl2 Moss. oolly POD 26g Wa 
Sioes SSermet Yilduay svibew exifsea eds (Oo SHeeiF 


eat “age OF (ttam wh sei wer loaf atas vee aa 
a9 Ol08 eh afienred. ode off ta .tia® of? Yo sonnei | 
PSU'So) sted ebiobedsd. « i [oa teeooh Lette cane. it tw ee 

1 : ‘ , : at oe 
pean Wieety ool olLeln oavoge ie ligt ei? Yto'g 
Sa ment Al .aipley eldest ‘orp Yo 93 of sagopa [ise 
COREL Opate Falttiitwa-oegh « of eyedd 21oie , sal z 


i 
feioane se faced, fied ody s¥80d O09) Lotteb ed Fo ne: 
a | 


P\4. AGES SEs wee Psd. | yo PIO UG’ WH OBisT eda th avttasoRe, oat 


is 4 re CABAL ALFOMSY OF OND ra . Si tuto SQV Org oot to" fa ie 
, r ~ 
all odlwom obey, Jo -aelvede owt. edd te cone te 


* 


“iy. doops 80 Stee anya getty oltedory kext tinct fu at ey bem fi 
A RA SY ag +5 
SHYLY Ie Pot 2. egakdo a OF ae aan 


eds ut bbthyits. a. mdere. 146402. cue. end tags. 


4 ewlitien $ wid i bn wtp Lew: Bat aot aia 
ie a ay ) oa _ 


ae 


" FA 


wk 


nl Bee 


“this system, very little can be made out of this system in the 


The delicate structure of the flame cells 


: lapse, even with the most careful technic, 
The organs of the digestive system come out equally well in 

living and preserved mounts. Some systems, as a rule, can be 
| made out only from preserved and stained material . The most im- 
}} portant of these is the genital complex, For all ordinary pur- 
| poses the material was fixed in Gilson's reagent, altho equally 
} good results were obtained from a corrosive-acetic fixing agent, 

From the preserved material toto mounts and sections were made, 
| using Delafield's haematoxylin and Ehrlich's acid haematoxylin 
} Stains, A strong counter-stain of eosin in the sections brought 
}}/ Out remarkably well the nerve fibers of the worms, Care was exer- 
Rcived to keep the mounts acid fresc, and for that purpose all re- 
agents except the destaining reagent were made slichtly alkaline 
| with dessicated potassium acetate, Some specimens were fixed with- 
out any acid fraction in the reagent in order to preserve the 
| excretory granules, These granules, as wéll as the mucoia cyst 
"membrane of the encysted worm, gave beautiful biuret and xantho- 


i proteic reactions, suggesting a tyrosine compound, 
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IV, 


Comparative Morphology and Histology 

The progress in the morphological and histological knowledge 
of agamic trematodes is wrapped up in the development of discrim- 
inate observation and interpretation on the part of investigators. 
This has been aided in no small degres by the use of better tech- 


nic and by better optical equipment. But it is for the most part 


the observer's own expectation that differences must exist in lar- 


vae, and his determination to discover faithfully and accurately 
Such a differentiation of structure, that has brought about pro- 
gress in this line of investigation. No clearer conception of 
the change in point of view can be obtained than by a contrast of 
the statement of a worker in the field six decades ago with the 
expression of Charles Sedgwick Minot just one decade ago. In his 
Symbolae ad Trematodum Evolutionis Historiam La Valette (1855334) 


recites "nonnuliae Trematodum larvae tam 6xiguam offerunt differ- 


entiam ut discrimina earwn characteristica vix commonstari queant," 


Minot (1897; 928) voices the modérn point of view in his declar- 
ation that "it is not true that all embryos are alike; on the con- 
trary they show class, ordinal, and generic differences from one 
another," While the writer fully agrees with the idea that the 
most natural way of correlating larval trematodes with the adult 
| forms is by a knowledge of their life histories, yet such a cor= 
| relation is not always possible, lLooss (1896) probably had the 


_ Cercaria of Schistosoma haematobium among some of the furcocer- 


ee 


|| Cariae that came under his observation, yet he was forced to ad- 


| @it (p.167) that "tous ces efforts ont ete, quant a la Bilharzia 


| completement negatifs." With the idea in mind that not only the 


|) funcaments of the adult trematode are found in the mature cercaria, 
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but that even the main descriptive features of the adult are al- 


-feady present, so that the worker can recognize the adult in the 


larva, the writer has attacked this part of the problem. While 


it has been impossible to show species correlations between larva 


and adult, it has been found in the course of the investigation 


that the larva shows clearly the family features that have been 


inferred hitherto only from the "blunderbuss method" of life-his- 


tory investigations, 


it is probably true that none of the adult trematodes gen-~ 


etically related to the larvae studied. have been described, 


Moreover, there is just as surely the possibility that the char- 


acters common both to larva and adult have been overlooked in the 


Study cof many adult specics. It is needless to observe here that 


the writer has been confronted with the problem as to what char- 


acters of the larva are ephemeral and what ones are common to cer- 


Caria and adult trematode. A thoro analysis of the groups studied, 


including Monostomata, Holostomata, and Distomata, gives convinc- 


ing proof that the most constant systems in larva and adult are 


the nervous, genital and excretory systems, Such systems and or- 


gans as tail, cystogenous glands, and stylet are distinctly larval 


in nature and may or may not show the same relationship as the 


natural grouping based on characters common to both larva and 


adult, 


Embryology 


By "larval trematode" is commonly understood the phase of the 


}| life-history from the fertilized ege to the adult trematode, This 


1 is truely a wrong conception in the light of the observations 


al of investigators from early times down to the present. These 
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| workers have recognized sporocyst aml redia as "nurse" to the pro- 
_geny. In other words, they are parthenogenetic mothers, and as 
) Such are mature individuals, Ssinitzin (1905, 1901, 1911) has 
made a wise separation of sporocyst and redia on the one hand 
from the cercaria on the other. The mature sporocyst and redia 
he groups together under the term parthenita, or parthenogenetic 
mothers. This term is used thruout this paper to define the ma- 
ture sporocyst and redia as distinguished from cercaria orlarval 
trematodes, 
The homology between cercaria, sporocyst and redia in their 
Carly Stages of development is recognized by Schwarze (1886:64), 
who compares his studies on the cercaria's development with that 
Of Schauinsland on miracidia of distomes and the gasterostome 
Aspidogaster conchiola (1883). Schwarze notes the similarity 
of the "cuticula", the slouching off of the epidermis, the loca- 
tion of the solid entoblast, which divides so that a portion comes 
to lie next to the ectoderm and another part around the gut. He 
I gOs6s on to say that the homology is very apparent. "Die Keimzellen 
des Embryo: entsprechen den Genitalzellien der Carcaris, die etwas 
abgeplatteten Epithelzelien des imbryo den Meristemzellen der 
| Cercarie." He observes the similarity of the excretory system in 


| Miracidia, redia and cercaria, and "ferner sind sie ebenfalls mit 


a Sinem Nervensystem ausgestattet, welches die grosste Aehnlichkeit 


mit demjenigen der Cercarien hat." 

Since the miracidium, redia, and cerearia are not, on last 
analysis, three parts of one life-history, but more exactly three 
Or more complete life-histories, it would not be too much to ex- 


pect, then, that the origin of germ layers in miracidium, redia 
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and cercaria is the same, All three cenerations arise by the 
| cleavage and development of a single germ cell of mesodermal ori- 
. gin, In the miracidiuwm the cell is always fertilized; in the redia 
, and cercaria it is always parthenogenetic, The observations on 
the similarity of origin of these cells are extensive, yet mostly 
isolated, and deserve re-emphasis. 
The exact method of development of individuals within the 
) SPOrecyst or redia has been amatter of diversity of opinion, In 
general one of two views has been supported by investigators, 
budding or parthenogenesis, The earlier writers who considered 
the origin of the germ balls described them as arising endogenously. 
Thus Moulinie (1856: 133) writes:"les Cercaires naissent, comme 
z| nous l'avons vuee en parlant des Sporocystes, de gemmes plus ou 
| moins arrondis qui se forment dans l'interieur de ces derniers lors- 
} Qui'ils atteint leurievellopement normal", Then the question arose 
’ whether or not the germ ball arose from the ordinary tissues lining 
the body cavity of sporocyst or redia, or whether special cells 


| were set apart as germinal epithelium, Leuckart (1886:113-125) 


if 


| #8sserts that in all cases germ balls arise only from those cells 
‘| which remain unquestionably embryonic, He distinguishes between 
|| the condition in rediee ana sporocysts, for in the former he found 
| &@ Specialized germinal epithelium, while in the latter all of 


} the cells of thebody wall remain undifferentiated in character, and 


y. 


in Consequence are capable of germ cell production. Thomas (1883: 
1s) found for the sporocyst=redia generation of Fasciola hepatica 


| that the germ balls which develop into rediae arise in part from 
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| cells lining the body cavity". In the rediae producing cercariae 


W (1.0.185) he asserts that the majority of the embryos seem to be 


formed from the transformation of cells at the posterior end of 
the redia. Cells from the body wall become enlarged, and each of 
these cells undergoes segmentation, giving rise to a morula, 

Looss (1893: 156,157) is definitely committed to the view that any 
portion of the epithelium lining the body cavity is capable of 
producing germ balls., but, as a matter of fact, only the posterior 
end (the vegetative end) performs such service, Later (p.167) 
Looss speaks of the developmental stages as a metamorphosis com- 
posed of several generations, in no sensé comparable to partheno- 
genesis, Haswell (1903: 500,501) describes for the sporocyst of 
an echinostome larva the development of embryos from a single 
Ovarian mass at the posterior end of the body. , 

Within more recent years the problem of the origin of germ 
Balls has been centered around the criterion of the formation of 
polar bodies. Coe(1896: 562) found no palar bodies in the germinal 
epithelium of the sporocyst and redia of Fasciola hepatica, Because 
he found three small granular bodies attached to the germ balls of 
| Distomum duplicatum sporocysts Reuss (1903:470) concluded that 


} Maturation occurred, Tennent's work on Bucephalus haimaenus (1906: 


| 649) supports the argument in favor of the origin of the germ cells 


|) from the walls of the body cavity. After the germ cell passes in- 


| to the body cavity a "volar body" is cut off. Later Tennent has 
found that there are three cells in the proximity of the germ cell, 
]]| two of which seem to be the result of division of thefirst cell. 


Rossbach (1906: 433) finds no cells which he is willing to call 


| Polar bodies, He concludes that the small cells near the epithelium 
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are not polar bodies because 1) their walls are not found in direct 
@ontinuity with the germ cells,3) the cells called polar bodies by 
Reuss are normally present during development of germ ball, in 
miracidia, in sporocysts, in rediae, and even in the ovary of 
- sexually mature trematodes,3) theyare more abundant in the younger 
- sporocysts and rediae, and 4) they are present in larcer numbers 
than three's, Finally Cary (1909), in his study of the germ cells 
of an amphistome sporocyst, has found that the germ balls arise 
' from cells of the body wall which mature without reduction and 
_ throw off one polar body, 
The contribution to this problem of the meaning of the prolif- 

@ration of germ balls described in this paper is based on the de- 

_ welopment of the germ cells in the rediae of the holostome, Cer- 


) Garia flabelliformis Faust 1917. The sections from which the 


Study of development was made were cut in a frontal plane, 7u 


_ thick, and stained with Delafield's haematoxylin. In the anteri or 


_ Part of the mother rediae large germ balls of both rediae and cer- 


a 


_Cariae are present. The germinal epithelium is confined to the 
“posterior fourth of the wall lining the body cavity. In some of 
the larvae-rediae within the mother rediae the earlier stages of 
the history of the germ cells have been studied, This has enabled 
pee writer to secure a series of stages of the germ cells all the 
Way from the probable derivation of the mesoderm tissue from the 
base of the gut up thru maturation and segmentation, 

J At a stage in the development of the redia when the archen- 
teron is represented by about 6ight or ten large vesicular cells 
(Fig. 45), two striking types of cells are noted in the body cav- 


ity. Around the gut at the anterior end of the worm are a number 
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ates 
Of nerve cells (n.c.), characterized by their multipolar outlines 


and their small, densely granular nuclei, The other type ci cell 


as found wandering out from the blind end of the gut and spreading 


thru the body cavity. Some of these cells come to lie against the 
/Wall of the cavity, and at first appear as protrusions of the wall; 
layer they seem to constitute a loosely formed inner layer of the 
wall. Other cells of this type are found free in the body cavity. 
The majority of these cells that have wandered out from the base 
of the gut are oval in shape, and have attached to them on one 
} side a small, nodular protrusion, consisting of the film of cyto- 


| plasm around a densely granular nucleus. 
| All of these cells, whether attached to the body wall or not, 


| are to be regarded as germ cells, based on their present structure 
| and future behavior. The small nodules are polar bodies Figure 
| 46 H shows this body in process of formation. The mitotic figure 
is in the anaphase stage, and was found in & germ cell free in the 
. Cavity of a young daughter redia, These data on the origin 
of the germ cells fromthe specialized cerminal mass at the blind 
end of the gut support the thesis of Leuckart (1886:133) and 
Schwarze (1886: 48,49), that the cells have preserved their orig- 
inal embryonic character. The fact that the production of the 
‘polar body and consequent maturation of the germ cells takes place 
in cells next to the body cavity as well as in those free in the 
boay cavity, explains the observations of Thomas (1883:115) that 
‘some of the cells from which the germ balls are derived are "the 
germinal ceélis of the embryo or cells derived from them by division, 
others are formed by a proliferation of the epithelium lining the 


cavity of the sporocyst", since these two groups are traceable back 
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‘to a common inception at the base of the gut. 


A description is now given of the stages in the series of the 


\:, 
4 


germ cells in support of the view that the germ cell is a true 
ovum, In its unmodified condition the germ cell is moderately 
inconspicuous, similar in all respects to an undifferentiated 


parenchyma cell, As it begins to change, the cell enlarges, the 


 eytoplasm becomes granular, with many interstitial vacuoles, and 


the nucleus comes to have a clearly outlined membrane wall, Fre- 


quently the chromatin material is massed into a karyosome (Fig. 


46 A). The chromatin mass now becomes oblong (Fig. 46 B) and after 


considerable growth becomes coiled into a thick skein (Fig. 46 C). 


The next stage (Fig. 46 D) shows the Aivision of the skein into 


@ight chromosomes, These chromosomes arrange themselves in an 


equatorial plate, and soon show a longitudinal splitting. One 


of these (b) is precocious in its behavior, 1% wanders toward 


the edge of the nucleus ana divides (b, D5) while the other seven 


chromosomes remain with their haives still in contact, The pre- 


ceocious chromosomes take up positions toward the poles of the cell 
(Fig. 46 G). The other Eeromaconse then divide and migrate to 


“opposite poles (Fig. 46 H), one of these daughter groups being 


constricted off as a polar body (Fig. 46 I), As a result of this 


me cees eight chromosomes separate by longitudinal splitting, 50 


Bhat half of each goes into the polar body and half remains in the 


cell, The polar body remains in cytoplasmic connection with the 
As in the 


ovum while the letter undergoes another division. 
previous division , simple mitosis occurs. The chromosomes b 


* 


. Sabla the others in separation into component halves (Fig. 
ivision (Fig. 46 J) the polar 


46 I). 


Ltn a late anaphase of this second d 
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body may divide, altho this is not always the case. 
This second division is not a part of the maturation, for that 


5) 
has been accomplished by the expulsion of the single polar body: 


it Constitutes the first division of the mature ovum, After this 
(Fig. 46 K) the polar body is entirely separated from the blasto- 
meres (Fig. 46 L) and disintegrates. Hence maturation consists of 
a single mitotic division with the extrusion of a polar body, and 
“takes place without any reduction of chromosomes. In other words, 
the process is one of true parthenogenesis, 

The somatic chromosome count of the developing germ ball is 
eight, consisting of seven ordinary chromosomes and the precocious 
individual, In support of this statement is the count of each of 
the first two blastomeres (Fig. 46 K, L), and the chromosome com= 
plex in the late metaphase of an endoderm cell of a morula (Fig. 
»46 M). In the latter the count is double,e.c., sixteen, in view 
of the previous splitting of the chromosomes antecedent to separ- 
‘ration into the daughter chromosome groups, The consistent ten- 
dency of the chromosome b and its descendents to separate from 
the chromosoue Mass and to divide before the other seven split, 
Suggests the possibility that this chromosome is a heterosome, two 
of which Lindner (1914) has found in the adults of Schistosoma 


4 


haematobium, 
» ull 


In the case of the germ balls that never reach the body wall, 
the process of maturation necessarily takes place free in the 
body cavity. For those cells which lodge against the wall and 
even fuse with the wall, the process of maturation and cleavage 
into two blastomeres takes place while the ovum is still in con- 
tact with the body wall, At this time it is set free and allowed 


_to develop into a germ ball. 
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In the older mature rediae (Fig. 44) the epithelial layer of 


the body wall lining the body cavily consists of a syncytium in 


. 


which nuclei are arranged irregularly. The cell boundaries become 


distinct only as maturation of the cells approaches, 


Leuckart (1886:124) has stated that it is relatively long 


after germ ball formation before it is evident whether the embryo 


eo ‘ — ; . r 
Mis to develop into a redia or cercaria. While the chromosomal 


history in the rediae of Cercaria flabelliformis shows no differ- 


"@nee between cells which develop into daughter rediae or cercariae, 


‘the cytoplasmic history of this species is indicative of the gen- 


"@ration of the offspring at an early date, The cytoplasm of the 
germ cells which develop into rediae is granular altho quite 


_transparent. It stains a delicate lavender with Delafield's haem- 


Mtoxylin, On the other hand, from the very outset the cytoplasm 


‘Of the cercaria type of cell is fibrillar, with many large inter- 


mediate vacuoles. It stains a depp magenta with the same dye in 
‘the same section as the rediaerova, Figure 46 L represents the 


first cleavage of the cercaria embryo. The chromosome count is 


identical to that in each blastomere in a redia-forming embryo, 
Subsequent divisions are difficult to follow on account of the 


Opacity of the cercariae-germ-balls. It is very evident, never- 


theless, that differentiation of layers and organs takes place 
much more rapidly in the cercaria-ovum than in the redia-ovun, 


The arguments produced by Rossbach (1906:433), to show that 


there are no polar bodies given off by the germ cell, do not 


hold for Cercaria flabelliformis, The polar bodies have been found 


not only in cytoplasmic continuity with the ovum, but in the actual 


state of mitosis preceding the separation of the polar nucleus 
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from the germ ball, Dark granular bodies within the redia which 


‘may be confused with polar bodies are the nuclel of the nerve cells 


in the anterior part of the larval redia, and the ectoderm cells 


of the germ balls in the body cavity, Yet a careful histological 


‘study need lead to no confusion in this matter, Polar bodies are 


indeed more numerous in the young rediae, since this is the period 
when the majority of the germ cells free in the body cavity throw 
\ off the polar body and mature, Altho Tennent has found three 

: bodies similar to those designated by authors as "polar bodies", 

. no authentic proof is recorded of more than one polar extrusion 
in the maturing germ cell of a redia or sporocyst. 


In summary, it may be said that the study of the germ cells 


in the redine of Cercaria flabelliformis supports the thesis that 
true parthenogenesis takes place here; that the germ célls are 
traceable to a mesodermal cell mass in the region of the blind 
end of the gut; that a single polar body is extruded; and that 

: maturation takes place without reduction, 

It is not surprising that the détails of the germ layers 


have not been worked out in the fertilized trematode egg, because 


eof the yolk inclusions which obscure developmental stages and no 


doubt modify the behavior of the segmenting cells. Yet it is 


‘Tegrettable that no attempt at the precise origin of the germinal 


‘layers has been made for germ balls within the sporocyst or redia, 


‘Without any effort at this exactstudy of the problem the writer 


has followed in the living rediae of Cercaria pellucida and Cc. 


konadensis, and in the sporocysts of C. dendritica the develop- 


ment of the germ balls from the single mature ova, thru unequal 


Aa) 


divisions into two, three and five cells, up to the morula stage. 
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Might one not predict for the Digenea some such cell lineage as 
ies been worked out for the Turbellarian, Planocera inquilina 
Wheeler by Surface (1907)} The only existing account for Trema- 
Roda, that by Schwarze (1886), is entirely unsatisfactory and in- 
complete. His summary (p.635) of the development of the cercaria 
and embryo is open to question on the following grounds, dAccord- 
ing. to him, the “cuticula” is ectoblastic. He derives the genital 
Organs from genital cells, the location of which is uncertain, 

_ Excretory, nervous and connective tissue arise alike from a vague 
"mass of internal cells called meristem cells. lLooss (1892: 164) 
frankly confesses that he does not know how the nervous system 
"originates, "so dass ich mich einstweilen begnuegen muss mit dem 

| Hinweise auf ein Wort, mit dem Vater Goeze sich einst kurz und 
buendig auf der Verlegenheit half: genug, es ist da!" 

| It seems not inconsistent with comparative studies of other 
Bieeas more or less related to the Digenea to expect that the 
ectoderm gives rise to 1) the outermost layer, or epidermis, which 
is Ciliated in the miracidium and in all cases sloughed off before 
‘maturity ,2) ganglion cell masses ans nerve outgrowths, including 
‘sensory endings, and 3) a rortion of the prepharynx region;that 
from the endoderm is derived the gut; and that the mesoderm is 
the layer from which come the excretory, genital and muscular 
systems, as well as the connective tissue and the secretory 

body covering of the adult, 


¢ 


f tau * 
‘ r 
~ aes A We 5 a 


ob 
rs > 


hi 7 


Ne 


> 


| egnunet P30 -faebe.2 age oie eet tay, api 


CLLACHGL AU USERS alee pL ecces iS eat Tee bial 


7 


102% tat tivedts gabtaiaeing wl UCC 


= 
web off BY comanilevel eee te (eb g "ccanheeae 


7 bon ¢ ; i = A ~ 
ie. ‘dy 1p | a ’ b. +6 VS “hi 
f f we ttue* 
te \e # a ¥ Lo ® he yh ’ i." &2. ‘ i « 
Ese Set i cee Oy | , 9i tes, Lae 
et -eitile os. mi » De eve 
t 
Ses i  -E i 450° e.2.80 
wiIete Brora yt ine 36 cans .¢ 


in’ anil. sete Waele e:e2 ob2t wh “Le Ieee ke 
'ab get" es t j ee ee yrtweae LLeY 

1) 2 Ge DagG® BV LJ ete Jin Goets [Aepots, Fee 

* sci? toes » ad fii Pt ee. a ‘ie l8T ese l 49. 

— ' Raven B ple «ag -teval f¢ seats » Bu? cl 27 en ls 28 
yipae Lin wl be ett igdate- eer 
pLGar Oe 4 jaan Pigivy 6) 4m ees eo naete » BE Cole ; 
feos oobued mvediaeun nde ta eeltter © 4> aie 
i Speen ST Page Se (eH s(t Leveiveb Bs 
corey. be fediayg .ittetoa 203) See he hie 
V's 16SS DON GY et warge tf Or Lt amyane c:-G8e Bae, 


a Be ae 


4 

<a ths 

ara: Sa, 

i . 
‘ tin if aw 

% : ¢ oie a al 
% ——J Die ih to 
+= He wl 50 aoe ie 


fg Bis 


Sporocyst and Redia 

Since the classic work of Thomas (1883) on the life-history 
of Fasciola hepatica, it has been the common custom to define the 
sporocyst and redia in terms of stages in the life-history of 
"the trematode, The sporocyst is the metamorphosed miracidium, and 
' the redia arises within the sporocyst, ‘The cercaria is the par- 

| thenogenetic offspring of the redia and develops into the adult 
trematode. While this represents a so-called typical life history, 
| it is worth while to inquire into the facts and see whether this 
really is a life-history, and if the outlined sequenade of events 
48 always followed. In some cases the sporocyst is the mother 

| Of the cercaria, in which case «the redia cycle has been omitted, 
The accompanying table (III) shows, that of the fifteen species 

| treated in this paper, eight have cercariae derived directly from 
, the germ cells of the sporocyst. Of the seven remaining, five 
are known to come from rediae, while the mother’s of the other two 
species of larvae are not known, 

Types of development are characteristic of certain groups. 

| The Monostomata, Holostomata and Amphistomata and usually the 
@chinostome cercariae develop within rediae. The xiphidiocercar- 
tae and the furcocercariae arise from sporocyst tissue, A consid- 
‘ bale modification of a typical life-history, such as is found 
in Fasciola hepatica, is displayed among various groups of Digenea, 
V. Siebolda (1835) has described a viviparous monostome larva, 
lionos tomum mutabile, in which the miracidium bursts the egeg-shell 
while it is still within ‘he uterus, Within this miracidiun, 
without any metamorvhosis into a snorocyst, there develops a 
single redia, Schistosoma japonicum has two sporocyst stages, 
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Parthenita Germ,Epith, -25 A- 
Sporocyst Redia Non-localized Localize 


- Monostomata 


1.Cercaria pellucida x x 
8, Cercaria konadensis x rachis 


_ Holostomata 

_ 8, Cercaria flabelliformis 
oe. Cercaria ptychocheilus 
“e Tetracotyle pipientis 


vw HM 
~ 


Distomata 
4 Xiphidiocercariae 
6, Cercaria crenata 
 %, Cercaria glandulosa 
8. Cercaria diaphana 
9, Cercaria dendritica 
10. Cercaria micropharynx 
‘11, Cercaria racemosa 
| chinostome cercariae 
18. Cercaria trisolenata x x 
13. Cercaria biflexa x x 
pds Furcocercariae 
14, Cercaria pracillima 
15, Cercaria tuberistoma 
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Table III, The Parthenitae of the Bitter Root species of 
cercariae (and, in addition, Tetracotyle pipientis nov. spec.), 
together with the type of germinal epithelium, 
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aa -26- 
of which the former is covered with a smooth and the latter with 
a spinous integument (Leips: and Atkinson, 1915: 202), This worm 
“has no redia stage, for the cercariae develop within the second- 
ary sporocyst. Cercariae and rediae develop side by side in 

a the rediae of Cercaria flabelliformis. 

| The sporocyst is much simpler than the redia. It is merely 
a sac with ectoderm covering, and at times a secretory integu- 

) ment From the inner wall of this sac arise the germ balls that 
grow into the parthenogenetic individuals, In the simplest 
types the germinal cell mass consists of the entire internal 
layer lying next to the ectoderm, Such a type is found in 
Cercaria diaphana (Fig. 79), or in ¢. micropharynx (Fig. 94), 


In the majority of cases, however, the germinal tissue is loc- 


alized at one end of the sporocyst. In two cases at least there 
is the differentiation of an attachment organ at the antipodal 


aaa (CC dendritica, fig. 87; C. racemosa, fig. 105), In the 


furcocercariae, C. gracillima and C. tuberistoma (Figs. 147, 


157), there is a rhizoid-like attachment at tue germinal end, 
In these cases there seems to be some evidence for regarding 
the germinal layer as localized at the end opposite the poten- 
tial mouth, 
The redia is the life cycle normally developing within the 

_ sporocyst. Its organization is much higher than that of the 
‘sporocyst. There is a well-developed oral aperture, 4 muscular 
pharynx, and a sac-like gut. There is a birth-pore just behind 
the collar region, on the left side, slightly ventral. Two 
projections, usually in the posterior part of the body, readily 


differentiate the redia externally from the shapeless sporocyst. 
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n the cephalic region around the pharynx there is anerve complex 

P highly differentiated nerve cells and nerve fibers, These are 
listinguishable as a central nerve ring, with four anterior and 

four posterior trunks, fhe posterior trunks do not develop far 
caudad, The integument is well developed and thick, and muscular 
laters within it play an important role in the movement of the redia, 
whereas the sporocyst depends entirely for its movement on the 
motility of the larvae within it. In the mature redia the germ 
‘tissue is always localized at the posterior extremity of the body. 

: The development of the germinal tissue of sporocyst and redia 
has been shown to be the result of the maturation of parthenogenetic 
SEES, The significant correspondence between the localized germinal 
‘epithelium of the parthenita and that of the cercaria may be pointed 
out here, In most cercariae the androeciaus germ cells are aggere- 
gated into a definite number of testicular masses, in most cases, 
two, In the apharyngeal furcocercariae ( the probable larvae of 
the Schistosomidae) the number of germ masses is larger, The data 
‘compiled in Table IV, on the better known Schistosomidae, show 

| that the number of the testicular follicles varies from four to 
five in Schistosoma haematobium, the mammalian parasite (Looss,1899: 
658) to about 134 in Bilharziella polonica, the avian parasite. 

The origin of these testes is not described in any case, ao a wie 

of the adults the sexes are separate. In Cercaria sracillima 

(Fig. 145) the testicular masses are proliferated from a germinal 
ass at the posterior extremity of the body, ventral to the ex- 
sretory bladder, They are numerous; some twenty-four or twenty- 
five masses are found in this region at this stage of maturity, 


Moreover, the female cell masses are also present in the species 
at this larval stage, showing the animal is not primitively uni- 
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sexual, but hermaphroditic. It would be only one step further back 


in the phylogeny of the group to assume that the hermaphroditic 

eell masses and the germinal epithelium of the parthenitae arose 
from @ common type of germ cell, In other words, the germ cells of 
cercariae and parthenitae are homologous, Stages in the phylogenetic 


development of the germinal epithelium may be putlined thus: 


1. Germinal epithelium non-localized, lExample,Cercaria dia- 
phana (Fig. 79), C. micropharynx (Fig. 94). Sporocyst cycle. 
6. Germinal epithelium localized; no mouth or suctorial ap- 
paratus. Example, C. glandulosa (Fig. 67). Sporocyst cycle, 
3. Germinal epithelium localized; suctorial disc or attachment 
Organ opposite germinal cell mass, lxample, C. dendritica 
(Fig. 87),C. racemosa (Fig. 105). Sporocyst cycle. 

4, Germinal epithelium localized opposite a true oral aper- 
ture, with pharynx and gut present. Example, C. flabellifor- 
mis (Fig. 43). Redia cycle. 

5. Germinal spithelium localized and specialized into two 
sorts of conjugating germ cells, male and female isogametes, 
(Theoretical). 

6, Male germ cells proliferated in numbers from the mass of 
germinal tissue at the posterior end of the body; female 

germ cells more highly differentiated, Example, C. gracil- 
lima (Fig. 149). Cercaria stage of gametic cycle, 

7, Germinal cells massed into a small number of specialized 
glands, pave testes and ovaries, Example, C. pellucida 
(Fig. 18). Cercaria stage of gametic cycle, 
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Gigantobilharzia Ornithobilharzia 
polonica kowalewskii 
(Kowalewski 1895)|(Parona e Ariola 1696) 
Number of 
testicular 
follicles 
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esophagus to| entire region be- | chain in posterior 

posterior end hind genitalatriu quarter of body 
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Larus fusocus Anas boschas Larus melanocephalus 
Anas crecca 
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Odhner ,1910: Kowalewski,1896. Parona e Ariola,1896, 
SOS. Parona e Ariola,1q9 
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indicum 
Montgomery 1906 
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Ornithobilharzi 


Canaliculata bomfordi 
(Rudolphi 1819) Montgomery 190 
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Sterna sp. Bos indicus Eguus caballus 
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Braun, 1901: gomery,1906: Montgomery ,1906: 
562, 
Odhner ,1912:63. 
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Braun, 190la: 
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We , . 
|| Schistosoma Schistosoma |Schistosoma |Schistosoma Schistosoma 
| bovis spindalis mansoni japonicum haematobium 
(Sonsino 1876)Montgomery,l90q Samoon 1904 Katsurada Bilharz 1852 
1904 
re re ee ee ee eee ee ee ee ee eee ee eee 
6 to 8 6 to 7 3} 6 to 8 4 to 5 
PST ST TTT TTT TTT CETTE ee LT 2s. Littl leone 
? ? small limited be- anterior 
4 aréa hind acet. % body 
eR RHR RF I BR OF EE EO oR OR aR AD ke RR eR EF 
}sheep,cattle | Bos indicus | man man,cat man 
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| Montgomery, Montgomery|,.Leiper, atsurada, Looss ,1895: 
1906:11,14, 1906:II,10|, 1916: 411. 1914: 367. 181. 
f Leiper ,1916: 
411, 
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| Table IV, Male germ cells of the better known Schistosomidae, 
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Cercaria 


General 


The cercaria is the parthenogenetic offspring of the parthenite 
It is a highly specialized individual, homologous to the immature 
redia or the sporocyst. Its specialization has been accounted for 
by Ssinitzin (1910: 38-56) by 1) a considerable period of free-swim- 
ning life, during which it acquired a tail, 2) a change to parasit- 
‘item in the vertebrate, which was atfirst facultative, but later 
became obligatory. There are two types of modified characters to 
be accounted for in the cercaria, in addition to the original 
"Characters common to parthenita and cercaria. The tail, the well- 
Meveloped muscle complex, the nerves innervating the muscle system, 
“together with the salivary glands and the sensory papillac,- all 

of these bear evidence of a long period of independent life. When 
the organism became parasitic,first ectoparasitic, later endopara- 

| sitio, the highly developed muscular suckers with their nerve 
tracts were further developed, while the stylet organs and cysto- 


genous glands were differentiated, The muscular specialization was 


of primary importance within the host, while the cyst served to 
protect the worm during the period of transfer from larval to 
definitive host. 

: The cercaria varies in size, altho the size for a particular 
family or genus is fairly constant. Holostome cercariae reach a 
Bize of 0.63 mm, in length and 0.35 mm, in width (C. pthchocheilus). 
On the other hand some of the xiphidiocercariae are extremely 


minute, 0.18 mm, in length by 0,09 mm, in width (C. 


There are two types of movement in the cercaria aside from 


the apparent contraction and expansion of the body. One of these 
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4s concerned with the forward movement of the animal and depends on 
the cooperative action of the suctorial organs and the general bod- 
diy musculature, The other is caused by the flagellate action of 
‘the tail. The movement of the cercaria along a forward path re- 

X inds one of the rythmic action of a measuring worm, The oral 
ucke: is always used as one organ of attachment, and the ventral 
‘or caudal suctorial disc supplies the other anchorage, With these 
‘two organs of attachment, the larval worm applies the oral disc to 
the object of contact, while it draws the posterior portion of the 
body forward by the contraction of all the longitudinal muscles. 
‘This places the posterior attachment advantageously near the oral 
disc, so that a relaxing of the longitudinal muscles and a synchron- 
ous contraction of the transverse muscles throws the cephalic por- 
‘tion of the worm far forward, In the forms with well developed 


musculature, such as wonostome and echinostome species, the larva 


amy appear discoid on contraction, while the expanded worm will 


| assume a length several times the normal bodily length. 

| All groups of cercariae possess an oral suctorial organ, For 
the second attachment organ there is a variety of accomodations, 
Undoubtedly the most advantageously formed organ of this second 
type is the one found in the Amphistomata, where there is a power- 
ful suctorial disc at the pesterior end of the body, 

Among the distomes there are many types of posterior suc- 
torial organ, ranging from those with a prominent acetabulum not 
far from the caudal extremity, as in Stomylotrema pictum Looss 
(1899: 629) to those with poorly developed acetabulum more cephalic 
ir position, In the latter case there are frequently found auxil- 


dary locomotor organs, such as those in the posterior pockets 
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of the xiphidiocercariae, In some species there is only a suggestion 
9f a paired suctorial organ, as in the larvae, Cercaria crenata 

, do a 

(Fig. 55), and C, diaphana (Fig, 76). In others there is the addi- 


tional spinose setal complement (Cc. glandulosa, C, dendritica, and 


and S. micropharynx). These spines are of especially important 


function on rough surfaces where the disc can take hold with dif- 


ficulty. Altho there is considerable difference in the rapidity 


of movement of the various species studied, it was evident from the 


start that C. glandulosa was by far the most rapic in movement 


of all the cercariae observed, The spinous cutgrowth of the acet- 


-abulum is of advantage in Jocomotion, catching hold where the 


“unarmed sucker can not operate (. glandulosa, fig, 60; and 


©. gracillima, fig. 142) 


Muscular development in the holostomes is confined entirely 


#. 


to the suctorial apparatus, since there is no distinct tail portion, 


This type of sucker is derived from the distome type. With the 


‘ translocation of the genital opening to the posterior end of the 


body, the primitivegenital pore has come to be-used as an accesory 


suctorial organ (Cercaria ptychocheilus, fig. 47). The most unique 


. 
modification is found in the tetracotyle type. Here there have 


arisen two lateral accessory suctorial grooves (Fig. 41), and 


‘lappets posterior to the acetabulum, All of these come to be 


‘Bnelosed in a common pocket which acts as a large sucking cup 


(Fig. 40). There is practically no rocomotion in these species, 


Since movement is confined almost exclusively to the sucking reflex. 


In the monostome no acebabulum is present, yet the cercaria 


performs the processes of locomotion par excellence. The pair of 
posterior locomotor organs replace the acetabulum in the measuring 
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as in C. urbanensis, these organs consist of posterior inpocketings 
of the integument. In C. imbricata Looss (1896:fig., 151) there is 
: internal pocket, In 0, ephemera Nitzsch (Ssinitzin,1905:fig.75, 
76) there are hooh-shaped spines, Cort (1915: 15) finds that they 
“apparently have no suctorial function, since no muscles are pre- 
sent and the central cavity contracts while the projection is 
"extended", <A careful study of living and preserved specimens of 
G. pellucida, C. konadensis, and C, urbanensis shows that these 
‘three American species have no spinose or other integwmnetary 
fmodifications. However, their function is found to be distinctly 
‘suctorial, and not "analogous to setae", as Cort believes, Typi- 
“Cal drawings for the locomotor organs of any of these three species 
are Shown in figs, 16 and 17. As will be seen in fig, 16, there 
are four muscles which are attached to the pockets, By a contract- 
pion of the pair xx the pocket dise is applied to the surface of the 
Bentact body; by a relaxation of xx and a contraction of yy the 
pocket is released and pulled forward by the general bodily con- 
traction. This has been observed repeatedly in so convincing a 


| manner that it leaves no doubt as to the structure or function of 


of the Organ, In addition, in 0. konadensis (Fig. 31) a group of 
‘glands just anterior to the locomotor pockets pour out a mucous 
Secretion at the time when the diec is applied to the contact 


organ, The locomotor pockas perform a similar function and in 


a Similar manner to that of the secondary suctorial disc or acetab- 
‘ulum of amphistome or distome, altho these organs are in no sensé 
homologous, 


i: The significance of the spines in connection with the caudal 


locomotor pockets of distomes has been regarded by Leuckart (1886: 
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128) as deserving more than passing consideration, In Cercaria 
mata he considers them as serviceable in keeping the tail attached 
‘to the body after the constriction between the two parts has become 
deep. Looking into the phylogenetic significance of the spines of 
the Same cercaria spscies, Ssinitzin (1911:68) regards them as in- 
dicating a bifid ancestral appendage of a caudal nature, In view 
of the fact that they actually function similarly to the locomotor 
pockets of the monostomes, and are more than likely the ancestors 
of the monostome type (Fig. 12), it seems hardly worth while to 
‘find @ more obscure meaning in the structures, 
The tail is the portion of the cercaria showing preeminently 
| the adapta&tion of the organism to free-swimming life. In such 
forms as C. setifera(Monticelli, 1914: Tav.I), C. pennata and C, 


Pplumoss (Ssinitzin, 1911:Tav.V, figs. 76-79), the prolonged free- 


| swimming existence has given rise to setae, spines and scutes, 


The tail arises as a median postsrior protuberance, bilat- 
erally symmetrical, and, according to the views of Ssinitzin (1.c.), 
Mei ogenstically a paired organ, This thesis is supported, in part, 
Pat least, by the fact that the excretory trunks arise as paired 

|) organs in both the body and the tail, In the furcocercariae the 
caudal tubules remain separate in the rami of the tail and also 

in the "eyelet anastomosis" at the junction of the body ana the 
tail. There develops in the tail the usual complement of muscles, 
a transverse layer externally and a longitudinal group more median, 
Within the cylinder of muscles is the group of parenchyma cells 
‘surrounding the excretory tubule, 


The tails of distomes (Figs. 99, 133) show that the excretory 


vessel is a paired structure, separated in the middle by a paren-~ 
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Ghymatous partition with one or two nuclei in each section of ww. 
The schistosomid larvae have, in addition, eleven or twelve pairs 
‘of Oblong cells just lateral to the excretory vessel. The tail of 
the monostome is characterized by extra large longitudinal muscles 
pwith prominent nuclei, The portion within the longitudinal muscle 
Cylinder differs in structure in individual species, In C. pellu- 
ida there is one ring of very large parenchyma cells situated 
faround the excretory vessel. There are eight to ten cells to each 
| transverse plane of 7. In C. konadensis and C, urbanensis there 
Ware glandular cells within the parenchyma ring; they are large and 
Crowded with granules. In both of these species (Figs, 25,32) these 
| cells are arranged in six paired groups. In C. konadensis there 
| are many cells to each member of the group, arranged in pyramidal 
‘fashion with the apex directed distally. Thus thse largest cells 
fin @ach group (Fig. 37) are proximal, These cells lie next to the 


excretory vessel. Cort has described the cells of C, urbanensis 


hus:"Extending the length of the tail and forming a core are two 


‘Tows of long cells which are close together and have their long 
axes parallel with the length of the tail They are full of 
heavy Staining granules,..There is nothing sucgestive of the pos- 
"Sibel function of these cells". He has failed to observe the exact 
“number of these cells (six pairs) and is surely in error in consid= 
ering them as a core extending the whole length of the tail, for 
‘they alternate with non-glandular tissue in about half of the 
extent of the organ, Their structure is probably glandular, but 
the exact function is not apparent. In C. urbanensis these cells 
arise from undifferentiated parenchyma cells (Fig. 33), They soon 


Peappear as falciform cells in trans-section (Fig. 34), separated in 
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} m@dian sagittal plane by a partition arising between two intermed- 
Late parenchyma cells, which soon differentiate into a muscular 
lamina, The lamina arises before the excretory tubules differenti- 
ate as distinct lumina among the parenchyma cells, Thus the bi- 
lateral symmetry along the median sagittal plane is well shown, 

| excretory vessel is single in the mature C. pellucida and C., 
konadensis, but remains paired in C, urbanensis, 

Looss (1893:24-28) cites the epithelial cells of the tail of 
@ercariaée as good examples of "Blasenzellen", where all cell ele- 
ments of the mesenchyme usually become "Blasenzelien", and where no 
true glands take their place. The study of C. konadensis and OC. 
Marbanensis, together with C. gracillima, shows that axial cell 
glands are present, and that they are derived from the parenchyma, 
Moreover, wnere these special gland cells are not present, as in 

c. pellucida, the parenchyma cells are more vesicular than where 
they are present. Yet the writer is entirely in accord with Looss's 
view that there are no indifferent cells remaining in the tail. 

The tail, when separated from the body, can not metamorphose into 

& sporocyst or redia, as the older OES believed (Pagenstecher, 


map7: 15). 
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Integument 


. } The covering of trematodes and cestodes has been the subject 
of considerable controversy. A complete and lucid account of the 
observations and theories of investigators along this line has been 
given by Pratt (1909). The Blochmann theory (1896) assumes that 
“the cuticula of trematodes and cestodes is a true cuticula morph- 
odgically, which is secreted by the hypodermis, as in other inver- 
tebrates", A second theory, presented by Brandes (1892), postulates 
that trematodes have no subcuticula in the true sense of the tern, 
“and what has been considered as such is tothe more than the true 
parenchymatous connective tissue. Wevertheless, the body covering 
ps @ true cuticula, secreted by special glandular cells of epidermal 
Origin just beneath the cuticula. The presence of apparent nuclei 


ain the cuticula has revived the old idea of Wagener that the cuti- 


cula is a metamorphosed epithelium. Goto has subscribed to this 
‘theory in his study of the ectoparasitic trematodes (1894: 6-13), 
‘defining three layers, an outer cuticula, a subcuticula, and a 
basement membrane. This is also the interpretation Monticelli has 
put on the body investment of Cotylogaster michaelis(1893:189), 
hich he claims to possess an "ectoderma sinciziale di aspetto 
Cuticuloide". More recently Cary (1909:646) has advocated this 
view. Pratt(1.c.721) is inclined toward Leuckart's theory that 
the cuticula is of parenchymatous origin, a derivative of the per- 
ipheral portion of the parenchyma, 

| The species of larval trematodes studied by the writer are 
consistent in showing that the epidermal layer, developing into 


syncytium in many cases, is present in the early stages of the 


Sporocyst, redia, and cercaria, In the parthenitae, especially in 


2 mbm al 

oo dite Ode need age eohadese bite velionnabind Me 
$, Dries bioey baum te Higce i | 
ent on#f ends pio ie widest: aorat § 
toad eetsrada (SCRE sre a ny 


yrom a hysloeo agetee ak 2  oREO tie 6 Dor 
revi tedéo at ee Seheepe ia oud (% besetoaa’ ‘oe 
ie BL . \SCBl) eebhery ¥ oT ieee ts eroute 2 bait J 


7 ere ae 
‘ot sad? to saltee Bret ect ai Biirolsvtodre oF evad 


ais 


ott edt gece 60h BAliGG Ot Fare os Bepeerecee 


rliisvoo yhoo edt yaselfedietven §, avasts ovisoemmeen 
ereliye vo e Lien tw .tehib teles Le oe bederxvee 2 ie, 
= “Va 

19.00 TRe Tea Yo sores ty stl ,afeetirco ont deeenel 
“LIES edt aad zembgeN. 3 to webs £fo edd Leviver vad ‘e 
. pe 


alas os oodt sacle sad 59.80 eh tedtigas bewedske 


(.i-8 78882) Sabotenielit oF ps aah ayet Ge wat +3 uate a 


fe 


2 OMe ,poyOLTGCaIse FB iabityp ratifs ie eee le 
dq’ dL losttaom fraps: sat os ie’ et Star . oe 
CORE C85 tag Ldeadete rwysaZoLYtOo to Yaeudsowt® ¥ 
otfeqas Lb oiat cape ewushod oe” + rua dosencn ot 9h 
oul > rok (Mp arwoen) sao, wadabind Paar 


dé? ' betec 


Yai 29 
te meet rae 


~toq- off to eto tah ai pikeino 


ein xed how ents Poeniuts eansisioiv” ‘teres Ag! 


[ae oe 


odal - gntgekavas TOU saensbige: ext saat 


ohh ee ‘ 


odf#'%o aeaaze vues ut ae “pained | er a 


f < pig) 
» lai 5; 
a . 


rt ¢itetougee aan belt ou i 
» t. 


’ 
SERIA TS et ve en ; 
ti 


the redia, this layer may persist until the germ balls within are 
ripe and ready to escape. In the cercaria the epidermal tissue 
is present in early life as a syncytial layer investing the larva. 
In the mature cercaria it is sloughed off, The "cuticula", when 
present, arises from below the epidermis, It is a discrete layer 
‘underneath the epidermis, or it impregnates the epidermis from be~- 
low. In the latter case the nuclei are always superficial, usually 
rising above the surface as small tuberosities, 

In the monostome group, the redia possesses a syncytium of 
ectodermal cells impregnated here and there with granules of a 
secretory nature. The cercaria develops a well-defined epidermis 

which later (Fig. 37) becomes syncytial and is sloughed off, Under- 
neath this is the "cuticula", distinctly cut off from the epider- 
mis on the outside and from the mesodermal tissue beneath, Among 
the latter are the special parenchyma cells with aciculate pseu- 

| depodia, corresponding to Blochmann's "Epithelzellen" (1896:7,Taf. 
-I,II). These differentiated parenchyma cells have no connection 


with the "cuticula" in the developing or mature cercaria of this 


‘group. For the hemistome cercaria (C. ptychocheilus, fig. 54); 


a non-nucleated epidermis is shown in the process of sloughing 

off. Underneath is the distinct layer of "cuticula", Beneath the 
“cuticula" is a lining of transverse and longitudinal muscle fibers, 
‘Median to the complexes of the longitudinal muscles are the com- 
plexes of the connective tissue. The whole structure, from the 
‘inner wall of the "cuticula", thru to the free parenchyma, is 
‘infiltrated and bound together into a single mass by a secretion. 
‘The intimate structure of this secretion can be understood when 


it is explained that it is indifferent to stains. The epithelial 
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yells of the complex send out long processes toward the integument, 


so that the processes penetrate into the latter, These cells sug- 


g st gland cells, concerned with the secretion of the "cuticula", 


They are not potentially different from the underlying parenchyma, 


Among the distome larvae the writer has studied the "cuticula” 
problem for echinostomes, schistosomes and xiphidiocercariae, The 
Tedia of C. trisolenata possesses an ectodermal reticulum in which 
are found large vesicular nuclei, This covering is impregnated 


with darge granules which are indifferent to stains, In the 


cerearia of this form (Figs. 128-133), there is an ectodermal layer 


ppresent, very thin, with the nuclei arising from the surface as 
minute tuberosities, Beneath this is the thick layer of "cuticula". 


‘The epidermis has been lost in the tail. no "Epithelzellen" are 


wisible in the mesenchyme complex. For the schistosome larva, 
i. gracillima, there are definite nuclei present as minute papil- 


dations rising above the surface of the epidermal layer, The 


‘Sporocyst of this form has no "cuticula", The body wall consists 
of a single layer of ectoderm cells, arranged end to end, the 


mMuclei of which are oval to subspherical. In the distome, OC. 


Blandulosa, the sporocyst wall is composed of a single layer of 
Cpidermal cells, with falciform nuclei, In the cercaria the epi- 


Germis is present only in individuals where the tail is still at- 


tached, Here nuclei are present in the peripheral layer of the 
body, but are not found in the covering of the tail. The "cuticula" 


is a thin envelope around the circular layer of muscles, 


The study of these agamic trematodes with reference to the 


Srobelm of the integument has led the writer to set aside first of 


all the view that the "cuticula" is ectodermal in origin, The 


ectoderm is superficial, lying outside the "cuticula", The impreg- 
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tion of this layer with cuticular granules might lead one to be- 
feve that the two layers are one, but the earlier history of the 
) shows that this conception is erroneous, Since the secreted 


ayer is not derived from ectodermal tissue, but rather a product 

- mesodermal célls and hence of internal origin, this investment 

the trematodes may be called a tunica endogena, No hypodermis 

i found in any of the species studied, Consequently the Blochmann 

: Can not hold for these species, No special gland cells 

| we been found to support the theory of Brandes, On the other 

the evidence of this study points to the sustaining of Leuckart's 

bry of the parenchymatous origin of the tunica endogena on the 
pllowing grounds, 1) In all the species the tunica endogena arises 

1 tissue beneath the ectodermal layer. &) In all cases where 

here is an ectodermal layer only (in sporocysts), no tunica endo- 
ena is found, 3) The heaviest tunica is found in species where the 

arenchyma has a widely diversified potency, such as salivary, 

yetogenous, locomotor and mucin glands, 4) The "Epithelzellen" 

f the monostomes and holostomes (Figs. 37,54) are characterized by 

arge vesicular nuclei and vacuolated cytoplasm, similar to the 

Blassenzellen of Schwarze (1886) and Looss(1893). They are modified 

arenchyma cells, differing from the underlying layers not in potency 

ut in location. 5) As the secretory cells for the tunica endogena 


ese parenchyma cells have developed long acicular pseudopodia 


oward the tunica and , in the larval holostomes, have penetrated 
" 


_ 


nto the tunica. All of these data point toward the parenchymatous 
figin of the tunica endogena. 
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The Parenchyma 


_- Soon after the fundaments of the digestive and nervous systems 


f the cercaria are laid down, certain cells of mesodermal origin 
‘ the germ ball become ovoid and are filled with milky white gran- 
38. These are the "Stabenchenkoernchen" of the German writers 
@nd the "cellules a batonnets" of the French. They develop most 
commonly in monostomes, amphistomes, and such distomes as form a 

ieavy cyst. Such a cyst is more mucoid than membraneous, 

c Other portions of the mesoderm are differentiated as the 
"germinal epithelium and the muscle layers, The remainder of the 
mesodermal cells is for a considerable time potentially great, 
an¢ remains undifferentiated, (Looss,1893:29), Loass has compared 
these cells of the mesoderm to the cambium of the plant, They are 
the "nichtveraenderten. Zellen", on the multiplication of which 
depends the growth of the minute larva to the relatively large 
| dult. As the animal grows the cells of this region become more 
vesicular, vacuoles appear within the pe eosin, and acidophyllic 
eranules appear within the cell, The intercellular spaces become 
more and more prominent, The cells are held together by bands of 
Tageced connective tissug which, for the most part, is the outgrowth 
of the interstitial cells, Within this parenchyma complex there 
appear large tubular lumina in certain definite regions, and, 
leading into these, tubes and smaller tubules, These are the ex- 
cretory tubes; at the ultimate ends of these are found the capi- 
llaries and the flame cells (Looss, 1892: 152; Thomas, 1883: 116- 
118), In the schistosome cercariae the main cilia group is not 
at the extreme ends of the ducts, but in a pocket in the postero- 


lateral part of the main trunks (Figs. 143,145), It is of import- 
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ce to emphasize the fact that these excretory trunks and tubes 
mot lined by a wall of specialized cslls, but are merely lumina 
ong ‘certain cells of the parenchyma. It seems highly probable 

nat Loves!s view is correct as regards the flame or "Trichter", 

at it, too, is an intercellular lumen, into which the parenchyma 
213 Silia protrude, and that it is not in a hollowed-out cell, The 
ilia are definitely outgrowths of the single cell at the head of 

16 capillary (Fig. 138), a cell which is differentiated from the 
ister cells of the parenchyma by the possession of a much smaller 
Ucleus and densely granular protoplasm, 

--«-Ssinitzin has Buggested the possible relationship between the 
ex pore of the body cavity of the parthenita and the excretory 

eter of the cercaria (1911:77-80). While certain facts point to 
his theoretical possibility, they seem inadequate for consideration 


n detail in this paper, 
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Musculature 


The muscle systems of the parthenitae and the cercariae are, 


ix the most part, confined to the peripheral and splanchnic re- 


, 
R 


ions, The peripheral muscles consist of an outer series of radial 
muscle fibers and an inner series of longitudinal fibers, A third 
eries, the dorso-ventral, which is common in the adult forms, is 
uggested at times in the body of the cercaria. The muscles of the 
ntestinal tract consist of a longitudinal and a circular series, 

» The peripheral system lies directly beneath the tunica endogena, 
It opens interstitially to permit the growth of the processes of the 
, @nchyma cells which secrete the tunica endogena, The outermost 
mayer is the circular series, It may consist of a single band 

f one cell in thickness or it may include a cylindrical band sev- 
al layers thick (Figs. 37,54,97,128). Within this is the longi- 
sudinal series, Usually here the individual fibers of the bundles 
are separated from one another by a considerable interstice., The 
fibers are longer and fewer than those of the circular series, A 
section of an adult trematode shows, in addition to these, an 
blique series of fibers, These oblique fibers give the appearance 

n section of a diamond pattern, In another type, the ese -sene 
eal, the fibers run at right angles to the frontal plane, In the 
Olostome cercaria (Fig. 54) no such series is found, altho the 
ONgitudinal series is so arranged that the fibers are on edge and 
ight be taken for the dorso-ventral series. ‘The view of Bettendorf 
1897:515,316) that the "Epithelzellen" of Blochmann are really 
ngitudinal muscles, can notbe considered valid, since the former 
re indifferent to stains. and the latter are desply stzined by the 
ane methods of technic, 
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In the oral and acetabular suckers and frequently in the phar- 


nx there exist the transverse, longitudinal and oblique series, 
interwoven into an inseparable complex, These are best developed 
the Amphistomata. In view of the fact that the redia which pro- 
luces germ balls is an adult and the cercaria is an immature in- 
@ividual, it is not surprising that the pharynx of the redia is 
fibrous, with few nuclei and large vacuoles, while the pharynx and 
suckers of the cercaria are composed of cells practically undiffer- 
entiated, In the rediae the fibers can be traced to the myoblasts, 
The main deeply seated system of muscles for the cercaria 
consists of the muscle band series of the digestive tract. In the 
Metostone (Fig. 54) an additional muscular activity has been as- 
sumed by the cirrus pouch, Aside from these no muscles are devel- 
oped in connection with the genitalia in the larva, As regards the 
Gigestive tract, the ceca are covered with an outer and an inner 
series, The former are longitudinal fibers and the latter are 
circular fibers. This is in harmony with the muscular layer studies 
made on other Platyhelminthes, 

Histology of the muscle cells, An important step was made 
in the knowledge of the intimate structure of the trematode 

muscle cell when Bettendorf (1897) showed the comnection between 
the muscle fibers and the myoblasts, The present study corrobo- 
rates Bettendorf's work, The nuclei of the myoblasts are oval. 
(Figs. 118,119). The cells very early send out long protoplasmic 
strands along well defined paths. While the processes from the 
myoblasts may emerge from any part of the cell, the longitudinal 
strands are always directed in a longitudinal plane, and the cir- 
cular fibers are always circular.,Aunique picture is presented at 


the point where the furcae of the digestive tract arise (Fig.118). 
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are two anterior processes running cephalad, and three 


6 proceeding caudad along each cecum, The chromatin in the 


s of the myoblast is usually confined to the karyosome. 
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Armature of the Trematode 


| The miracidium and sporocysts are not provided with hooks 

¥ piercing armature, The redia is usually conspicuous because of — 
, oral sucker, pharynx and gut, and not because of any armature, 
: the cercaria, however, are found, even in the most delicate 
species, spines covering the tunica endogena, especially in the 
region of the head, In the special group of the stylet cercaria 
the stylet is the larval organ which is of specific systematic 
work, 

+] It is not a universal rule, however, that all redia and 
sporocysts are unarmed. At times a modification of the posterior 
wall of the redia is produced, as in the redia of CG, biflexa, 


where the terminal organ is spinose(Fig. 141), Leiper and Atkinson 


(1915:202) found the second sporocyst generation of Schistosoma 


japonicum to be covered with a spinous integument. More conspicu- 


ous is the prepharynx organ o f the redia of Cercaria pellucida 
(Fig. 7), This organ is four-lobed, and has on the outer side of 
‘each lobe long spines projecting forward and small spines directed 
laterad. The use of such a weapon within the soft parts of the 
host tissue produces untold injury. 

| No armature has been observed on the body of any monostome 
cercaria, The holostome, Tetracotyle pipientis (Fig. a7). Bas 

a spinose covering over the entire body and special spines in the 
region of the acetabulum and accessory suctorial grooves, 

Spinose modifications are common in the distome group, and in some 
cercariae, setiferous modifications of the tail. The types which 
the writer has examined have the armature confinec exclusively to 


the body, These integumentary aifferentiations will be discussed 
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der the headings of 1) general bodily spinosity, 8) spinosity of 
- oral aperture, 3) the hood spines of the echinostomes, and 4) 
ie stylet organ of the xiphidiocercariae, In addition there are 
Be epines at the posterior end of the trunk in the caudal pockets. 
heir locomotor function has allowed of their consideration in an- 
ther place. 

_ In many cercariae there is a tendency for the entire bodily 
ntegument to become modified so that the surface fairly bristles 
| th needle-like spines, These are usually arranged in a regular 
iamond pattern, and are more fully develpped at the anterior end 
® the body than in the caudal portion, A fair conception of this 
ype may be gotten from figure 90, This condition is found in 
ome xiphidiocercariae and some echinostomes, The spines are al- 
jays pointed forward, The only differentiation consists of a more 
larked development forward, 
¥ Of a somewhat more limited distribution is the oral armature 
f spines in the schistosomid, C, eke (Fig, 148). These 
pines are turned into the bocy with the inpocketing of the oral 
ucker—pouch, so that the animal in the condition of contraction 
ppears perfectly aspinose except for the armature of the acetab- 
lum. But on protrusion the oral sucker is crowned with a solid 
ap of spines, 
h Mere specialized and specifically valuable in systematic 
ork is the hood of spines of the echinostome group, his collar 
3 usually an incomplete ring, consisting of a circlet around the 
orsal side, extending ventrad into the middle half of the body, 
ietz (1910) has seen fit to sketch 63 figures of spine characters 


nd numbere in his monograph on the Echinostomidas of birds, The 
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ul t echinostomes of North America have received little attention 
in consequence a description of the specific spine characters 
the cercariae will be of little value until more attention is 
ren to the adults of the family. 

The stylet is the unique larval organ of the xiphidiocercar- 
e, Because of its resemblance to a quill, it might be more 

erly called a quill than a stylet, for its value as an organ 

f piercing is questionable on account of its frailty and frequently 
isadvantageous leverage. It is a mucoid structure, situated in the 
orsal wall of the oral pocket, well supplied with muscles to work 
t in any direction antetiad and laterad, It is fully formed only 

n the mature cercaria, and is carried into the cyst (Figs. 84,85). 
vite generally the stylet is recognized as of specific syste- 


latic value and is so figured in systematic descriptions (Luhe,1909: 


f little value in the identification of species, The writer be- 


39-200), but the stylets as figured are so non-specific as to be 


leves that the stylet is of specific value, but this specificity 
ies in the details of the organ rather than in the general outline, 
nd the details must be figured to be of value, (See figs. 57,61, 
Mees, 91, 102). 

The stylet is usually a weak organ mechanically and poorly 
evered, It is, however, resistent to chemicals and indifferent 
dyes. The stylet of Cercaria glandulosa is extremely delicate, 
) that it goes to pieces immediately when a cover glass is pressed 
own on a water mount of the worm, The stylet, as a rule, is hard 


© observe in preserved mounts, 
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The Glands of the Agamic Trematode 


Glandular organs in the trematode may be distinguished as der- 


41, Salivary, mucin, cystogenous, genital and locomotor, The der- 
‘ ‘glands are those imbedded in the subdermal tissues, are uni- 
ellvlar, usually flask-shaped, with a small auct opening to the 
cterior. The salivary glands include all of the unicellular glands 
Bick open into the digestive tube, lMucin glands are paired right 

i left groups of one to several gland cells emptying into tle 

ral pocket thru long attenuate ducts, ‘Since mucin is a constitu- 

nt of salivary glands, these glands are to be considered as a mo- 
lified salivary gland, Cystogenous glands are imbedded in the paren- 
hyma and are usually filled with rhabditiform granules which super- 
‘icially resemble rice grains, They are not to be confused with 

ne dermal rhabdites of the Turbellaria, The cystogenous glands 
unction in the formation of the larval cyst at the time when the 
ransfer to the definitive host is to be made, Genital glands, 

a the sense defined here, include only the auxiliary gland clements 
> the genital system and do not refer to the sex glands themselves, 
ocomotor glands arise in connection with the locomotor organs in 

he posterior part of the body, 

4 The dermal glands are of adult significance, Looss (1894:125) 
as found them in all groups of adult trematodes studied, but does 
ot record them for any cercariae except C. vivax Sons. (1,0,844), 
1896: 219, fig. 176,glcu). No dermal glands have been found by 

he writer in the course of the present study, 

| Salivary glands are probably present in all groups of cer- 
ariae and in some rediae, In the simplest form they are nothing 


ore than pyriform cells in the region of the digestive tubs, Thus 
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) monos tome cercaria, C, imbricata, described by Looss (1896:195) 
having a pharynx without a bulb, has wnicellular glands massed 
the tube in the pharynx region, The furcocercariae, with no 
ue pharynx, have a similar group of cells in the pharynx region, 
closely massed together as to lead Looss into error in consid- 
ing them a true pharynx (1896: 220, fig. 176 ph). As a matter 
| st, the structure of these masses of glands in the furcacer- 
iae does look superficially like a pharynx (Fig. 1428), but on 


a bs 


ross-section the cells of the complex are found to be unmistakably 
landular (Fig. 152). 

A modification of the type of salivary gland just describea 
as been observed in Cercaria micropharynx, 0. diaphane, and C. 
Jandulosa. In thees species the cercariae show not only the mus- 
lar pharynx, but also a large group of gland cells around the 
igestive tract. In CG. micropharynx (Fig. 93) the glands are pre- 


haryngeal, grouped in a spherical mass around the oral chamber, 


ab . - * 
ley are minute cells, about 3u in trans-section, The glands of 


a 


2 
diaphana (Fig. 76) exhibit a maximum glandular growth in the 
icinity of the pharynx proper, Several hundred gland cells about 
u in diameter surround the pharynx, A case of secretion along 
le entire digestive tract is found in C, glandulosa (Fig. 60). 
a this species the glands are much larger than in the two pre- 
ding species about 6u in cross section and leu to 25u in length. 
ney are formed along the entire course of the lumen, from the ori- 
ice to the blind end of the ceca, altho they are best developed 
n the region of the pharynx. 

, A distinctly different type of gland is that termed the 


stylet gland", It is so-named because of its frequent occurrence 
Oincidently with the stylet organ of the xiphidiccercarise, But 
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joe it occurs, too, in furcocercarias and in echinostome cercariae, 


re there is no trace of a stylet, the evidence supports the view 
at this type of gland is more generalized and more primitive 

, the stylet organ, 

These mucin glands, for such they are, arc found in the cer- 
wriae of the distome groups examined by the writer, and in the 


sdia of the holostome, C. flabelliformis, They are bilaterally 


yymmetrical, lying outside the intestinal furcae, behind the region 
f the pharynx. They open thru long-necked ducts into the oral 
jocket. The glands are in masses; they vary in the number of cells 
four in each lateral mass of the furcocercariae (Fig. 144), 

© eight Sane in the stylet cercariae, while in the echinostomes 
ey run as high as 110 on each side of the esophagus (Fig. 154). 

Se icelic are, in general, characterized by a densely staining 
Tanular protoplasm and a highly refractive nucleus, which remains 
yaline when treated with haematoxylin dyes, Most interesting 

s the type presented in the stylet group, especially tne form 
Jercaria crenata (Fig. 55), where there is a differentiation of 

Mner and outer groups of the glands on each side of the gut. These 
foups have individual canals to their exit at the oral pocket. 

e outer series consists of six glands, comparatively small, 

1 to Su in diameter, goblet-shaped, extending caudad to the mid- 
abular region, ‘They are finely granular and are best studied 
1 living mounts, The inner series consists of five cells,two 

; which are situated just behind the pharynx and the other three 
ostacetabular, thus causing the inner series to be divided into 
n anterior and a posterior group. These inner gland cells are 


lu to 15u in diameter, and coarsely granular, Their difference 
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n structure suggests a functional difference, 


* he muoin glands of the redia of C. flabelliformis are paired 


ctures, lateral and dorsal to the digestive pouch, consisting 


f a Single series of six cells which open thru a common tube into 


mné pharynx region of the redia. The cells are similar in structure 


© the mucin cells of the cercariae of other groups, altho no such 


nds have been recorded from the cercariae of the holostome 
rroup. Only one other case has been reported for the redia, that 
: r the parthenita of Cercaria equitator by Ssinitzin (1911:52, 
50). In this redia the gland cells consist of a single cell 


mith a wide duct to the pharynx region, A similar pair of uni- 
@llular salivary glands is figured by Looss for the miracidium of 


echistosoma haematobium (1896: fig. 113 gleph), This occurrence 
Mf the mucin glands in the miracidium, redia, and cercaria of 


various groups, and the fact that they pass into the intermediate 


9st along with the cercaria (La Rue, 1917), show that these organs 
re of fundamental importance in the economy of the worm, 


That these glands are of more specific character than the 


Irdinary salivary and epidermal cells of the trematodes is demon- 


trated by their differential staining reaction, The usual haem- 


toxylin dyes show a great number of granular protein inclusions, 
ecently (La Rue,1917) it has been shown that these glands in 


Srcaria marcianae have mucin in their ducts, because of the 


taining reaction with toluidin blue and thionin, La Rue suggests 


hat the glands produce "mucus", in view of their specific stain- 


ne reaction, However, since the glycoprotein of salivary diges— 


ion is mucin (Mathews, 1915: 383), it is more exact to designate 


hese glands as mucin glands, 
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A type of gland undoubtedly common to all cercariae is the 


1 


ystogenous gland, It is a wnicellular organ in the parenchyma 
lust beneath the integument. In some groups these cells may be 
and scattered between the cells of the parenchyma (C. gland- 
1losa, fig. 63). In other groups the gland cells are very large 
conspicuous so that they fill the greater part of thebody,as 

m the species, C. pellucida (Fig, 14), C. dendritica (Fig. 85), 
ma C, trisolenata (Fig. 132). The material within the cyst cells 
usually milky, semiopaque, either homogeneous or granular, In 
lost cases the contents consist for the most part of the rhabditi- 
Orm granules, which are indifferent to dyes, These granules are 
not attacked by weak acids or alkalies, but are digested by strong 
i6ids or bases, It seems probable that they are of a derived pro- 
i6in nature, 

The formation of the cyst varies in the types studied, In the 
lajority of the species the cyst is a firm envelope with a free 
pace around the embryo, more or less filled with a watery fluid 
Figs. 41 ,84,118). On the other hand, some of the cysts are more 
ucoid in structure, with a granular viscous inner portion and an 
uter jell (Fig. 11). 

| The methods of encystment differ, In the monostome where 

ne encystment is rapid and an entire lot of mature cercariae en- 
yst in two or three minutes after they are freed from the redia, 
he process is so rapid that the tail is not entirely cut off 

ntil the major portion of the cyst is formed (Figs. 9-11). Where 
ie time of encystment is considerably longer, as in C. trisolenata 
hd C. dendritica, the tail is discarded -long before the process 


fF encystment actually begins, The encystmant is an adaptation 
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the part of the larva to the change in environment. In two cases, 
ever, encystment takes place within the liver of the primary 

st (C, micropharynx and C. biflexa). It is highly probable that 
these Cases encystment was the result of temperature stimuli, 

‘ they were secured in November when the Winter had already 

ot in. Here, then, encystment is apparently an adaptation to 
intering over", 

In only one group has there been no record of encystment of 
Mtbrcaria. This group is that of the furcocercariae. Here the 
42 is dropped only under the pressure of the cover slip or when 
ne worm begins to disintegrate. The statement of La Valette 

855: 34) is a good expression of the conditions in this group 

f larvae: "Cercarize cystibus non indutae in animalium vertebrat- 
“un intestinis pereunt." 

| The phenomenon of encystment is one which has been observed 
y Many investigators, It has been shown and described very accur- 
fely by La Valette (1.c.), Mowlinie (1856), Pagenstecher (1857), 
da long line of later investigators. Moulinie refers to the 
tudies of earlier workers on encystment, mentioning v.Siebold 
835) and Steenstrup (1842). The credit for the first record of 
eystment undoubtedly belongs to Nitzsch (1807), Nine years 

ter this writer has recorded his observations on the encystment 
‘Cercaria ephemera, The review in Isis (1818:728) describes the 
rocess of decaudation and encystment as observed by Nitzsch, and 
nows that this worker benae ced the cyst to develop the following 
ar. Fantham's criticism of Nitzsch is essentially unjust (1916: 


), since Nitzsch considered the cyst to be dormant and not dead. 
The process of encystment has been described in detail by 


n 
v 


ay) Le 
ad = vii ae 
* a wl Ls 
’ ad 


> Oat. 45 Pap arios Lae we idee on? at , ? 
Ttemlig ent. Io + sah aiatiw eae ty osmad ; . 
altedorve yldy be oe a «Capa eS Bg - = tna & " 
f{ivnidve oncteceacae ae tiie tag sav | 


helio Leni TOMB AR es ee cadaovoi nd 


7, 2 ; bu % aa be ARES ¢S eh rg) | al taenteyoie 2 4 


Nu 


Tpateyoed Le BtOcest Om teed eisa? Ban gees 


ot sag eee sveHOOtTHe. 20 SATS ,@t ai 
+e L£@ %evos aac? 26 erTve0s! aid tebe ceed 


etjefal ‘<i to deeb iate, ods) ..98a 738 sci oe 
otro" em Lay, RE“StpssIegoo sad 2) ‘ feces xo bo iy a 
-t2% fetter ‘ert atioe sf eeiubal son arth 4 BEN, (oan BO 
iW bed 
wt “eg ‘’b aeed. eed. dotdw ogo |e) i AGaT EY Ons 9) 
nea yiev Seth soged, bie pw cde) gee9 hind, #1 erebag 
aoe DY “egebawg sites q te gy i a best Sogou whiz ice et 
iT oy Sie ted Ped Bd % ena aff 

1d, fay’ Vv Be Peaks cvs eon wmbenare “S89 aibdaow woke . 
ipoey tent? eat ter ¢lleto- en?  (SbEEy dettex 
“Creo Qh voy LORS). Roepe te at éace ied ¥ rhe 
*iub-od some dO" arte 2 tareee dg, aid patrrobe% endl set 

dd gadlsosed: (ORT Ray mins md, na tvot oct .g 

hus: , Hone tet aad asia to jfitonc avorts baa ti 
‘gu dno LL0% nd OSE RD “att tay opt toto ae pee 
:HTOL) sua ¥iLebe mean at ihone <i Y catenthgey 
L sab go Sits taanxob , as Ra) tae: pt vonebtanba 
ve Late wb: bactaneen. raed mei Meta bniy 


As Ne 


= 


pert 2 


mas in his eoek on Fasciola hepatica (19883:129). Encystment here 
to the rapid type, described for the monostome C. pellu- 
. "The tail is sometimes shaken off before encystment begins, 
as a rule, the tail remains in connection with the body dur- 
tt process, and continues to be energetically lashed from side 


r |, until finally a more vigorous movement detaches it, the 
-s 


process is very rapid, and in a few minutes a layer of con- 
Jt. : 


bale thickness is formed, whilst its substance begins to 


“th 
 Looss (1896) has described the cystogenous glands in numerous 


s of cercariae, Ssinitzin (1905) has found the cystogenous 


all 


nds in the vicinity of the excretory cesicle of C, macrocerca, 
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xe interpreted them as lying within the bladder, but this sepms 
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The Excretory System 


* Of the four most important systems of the trematode the 


ory system is the most delicate, It can be worked out with 


sion in the living animal, but in preserved material it is 
; to impossible to find more than the main trunks of the system, 
11 of the cercariae and parthenitae the excretory systems de- 


i here have been studied from living material. Altho there 


@ many individual differences within groups, yet the fundamental 
istancy is evident. 


The Monostomata. The main features of the excretory system 


11 of the Monostomata are the same, The ceércariae have two 


in trunks arising from a common point just behind the median eye- 
ot or median pigment center, and proceed posteriad anda laterad 

the posterior part of the body, where they join one another in 
6 common vesicle. The bladder opens to ths outside dorsad thru 


e excretory pore, 


The main excretory trunks are filled with large refractory 
mules, more extensively described on p, . The continuous 


Fouit of the system provides for the transfer of granules and 


waste products from right to left and reversely, dependent 
the contraction and expansion of the several parts of the animal. 
The bladders of the various species differ considerably insize 


i structure, but as a whole they may be placed into two sub-groups 
3 are of considerable systematic value. In the trioculate 


ms, Such as Cercéria pellucida, in dorsal view the bladder is 
stinetly trilateral when relaxed, with the excretory pore median 
sterior. This same type is found in C. ephemera Nitzsch (Ssin- 


in, 1905:fig. 76), and in C, imbricata Looss (1896:fig. 148), 


d also for CC, zostera Ssinitzin (6th Tar. 1, fies. 14,15). 
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In action, however, due to the muscular movements of the pos- 
10 portion of the body, the anterior portion of the bladder may 
te be a separate organ, opening into the bulbous posterior 

: of the vesicle thru a constricted area, In the bioculate 
pes, on the other hand, the bladder is spherical vesicular, with 
e excretory trunks emptyimg into the extreme lateral reaches of 
vesicle, The excretory pore in these species is subterminal 


£) . 
* than terminal. The only bioculate species known are C.loph- 


(de Filippi, 1857:pl.1I,fig.3), C. urbanensis (Cort, 1915: 
om end GC, konadensis. lLebour (1907: 443,pl.X,fig.B) describes 
e bladder of C. lophocerca as semilunar, but from her figure it 
pears more reniform than lunar, Cort does not describe the shape 
> the bladder of C, urbanensis, or state its size, The writer has 
gnd it to measure 50u to 60u in median sagittal line and 60u in 
ansverse section, The excretory pore of the species is large, 

18 20u in diameter; it is weakly muscular (Fig. 35). In ¢. kon- 
nsis (Fig. 29) the bladder is small, ida to 15u in diameter, 
Bederetory pore is correspondingly small, su to 4u in diameter, 

d weakly muscular, 

The excretory system in the. tail of monostomes is simple, 
sonsists of a median tubule, with tributary laterals, which swell 
the proximal region and empty into the common bladder of the trunk 


Holostomata. The excretory systems of Hemistomidae and 


lostomidae are sufficiently different to require separate treat- 


a. 
Bie» 
Ve 

ia 


_ Holostome type. No accurate or detailed description of the 
bracotyle type of excretory system exists. deFilippi (1857: fig 


) has pictured two laterals for C._vesiculosa, arising from num- 
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ous tubules in the anterior part of the body, The connection of 

sse tubes is not clear in the region of the bladder, Altho the 
toh was made "to show particularly the lateral vessels", it 

es no adequate conception of the fundaments of the system. 

andes (1891:569) is satisfied with the statement that the "sys- 

on reaches into all parts of the cone; an especially large canal 

acces longitudinally thru the anterior wall of the cone." Only 

‘faint suggestion of the system is figured by Rosseter for Holo- 

jouium excisum (Linstow) (1909: fig. 17). In view of the lack 

f definite data concerning the excretory vessels of the holostomid 

roup, it seems advisable to describe the system in considerable 
tail. 


The excretory-vascular system of Cercaria flabelliformis is 


hown in figure 39, At the extreme posterior end of the worm, 
ituated Slightly dorsa, is the excretory pore. It is the opening 
f a relatively small bladder, larger in no diameter than the pore 
tself. At its antero-lateral horns two large trunks arise, con- 
iderably inflated in their posterior portion, They may be traced 
orward along the inner reaches of the dicestive ceca until they 
ach a place about twe-fifths the distance from the anterior end 

> the larva, Here a transverse canal is found, with a median 
nection between the two trunks, and lateral transverse tubules. 
he lateral tubules are concerned with the part of the larva pos- 
srior and lateral to them, Between them and the main longitudinal 
‘unks are found a great number of anastomoses, Anterior to the 
edian transverse canal the tubules spread out in fan-like arrange- 
ent, running to the sides and front of the worm, 


Undoubtedly this system was originally distome in character. 
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; was made over to suit the needs of a modified distome larva, 
e longitudinals are clearly those of the Y type so common to the 
coretory system of the distomes, On the other hand, the transverse 
and the anastomoses of the postero-lateral reaches are new 
stures, 
_ ‘The entire system is filled with minute refractory granules 
hich facilitate the tracing of the courses of the various vessels, 
Hemistome type. This type has been worked out in faithful 
etail both in the larva (Diplostomulum) and in the adult, A 
cussion of the excretory system of C. ptychocheilus will be 
limited to the points of divergence from the previously described 
species. 
| The earliest larvae of this group to be accurately figured 
ré Diplostomulum clavatum (Nordmann) and D. volvens (Nordmann) 
(1833: Taf. II-IV). From the elongated bladder there arises 
bicornuate structure which proceeds forward and outward for a 
hort distance. A bifurcation of each cornu then takes place, 
© that there are two pairs of vessels to proceed forward, an inner 
ind an outer pair, They run forward to a plane in front of the 
iddle of the body, where they unite and rum cephalad as a single 
essel, A transverse vessel is found posterior to this union; this 
easel connects the two sides of the system, Brandes diagram for 
he excretory system of D. abbreviatum (1891:Taf. 39,fig.17) 
iffers from this type only in the details and not in the main 
eatures, 
| The system of Cercaria ptychocheilus (Fig. 49) is not fun- 


amentally different from the above described systems, but has 
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nteresting modifications, A long, attenuate non-muscular bladder 
es dorsal to the posterior genital apparatus, It does not pair 
gives off a single median longitudinal vessel, which proceeds 
lOrward to the midacetabular region, where it gives off the trans- 
terse vessel, The median longitudinal trunk then runs forward to 

he origin of the ceca, Here it gives rise to three antero-lateral 
fessels, These bend outward and backward, with numerous anastomoses, 
i finally unite with the lateral tracés of the transverse vessel, 
he outer reaches of the transverse vessel give rise to many anasto- 


_ 


jose6és which are conspicuous in the postero-lateral portion of the 
ody. | 

; The fundamental vessels of the holostome type are the paired 
laterals and the transverse vessel, <Anastomoses and modifications 
ave altered the system appreciably, but not beyond the ability 

to recognize the common type underlying the system in all of the 
pecies, 

Ml the entire system contains many medium-sized refractory gran- 
[6s which oscillate back and forth thru the vessels at every move- 
ent of the animal. By unusual contraction of the worm, the granules 
re forced into the bladder and out thru the excretory pore, 
Distomata. The distome cercaria has a simple type of excretory 
yetem, different in sub-groups, but retaining the fundamental 
tructure of the group as a whole, This plan consists of a poster- 

r median bladder with two lateral longitudinal vessels in the body 
f the cercaria and a median longitudinal vessel in the tail. 

1 The xiphidiocercariae. The excretory system of the stylet 
ercariae consists of a bladder, usually muscular, ana a pair of 


ateral longitudinal vessels which arise from lateral cornua of the 
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adder, “The primitive lateral system consists of three tubules, 
toh arise from the common lateral sonn after the latter leaves the 
adder, One of these tubules proceeds posteriad, while the other 
wo run forward as inner and outer tubules, The single median tail 


essel ends blindly near the posterior end of the tail; it some- 

es receives tributaries, but this is not always the case, 

a The bladder is a median posterior structure opening to the 
xterior thru the dorsal pore. It is usually muscular, wnpaired, 

t varies greatly as to size and shape, It may be pyriform (Fig.90), 
Jovate (Fig. 93), crenate (Figs, 55,81), truncate or obtruncate 
Figs, 60,100), faloiforn (Looss,1896: fig. 146), or lunar (Looss, 
896: fig. 179). 

The physiological and morphological bladders are not always the 
amé. The former may encroach on the lateral systems in order to 
nerease its capacity. This encroachment may consist of mere en- 
argements of the cornua without any change in structure (C.glandu- 
sa, fig. 60; C. micropharynx, fig. 90). On the other hand the 
eeds for a muscular enlargement sometimes cause the musculariza- 
ion of the cornua (C. dendritica, fig. 81; C. crenata, fig. 55; 
fad ©. racemosa, fig. 100). In C._diaphana (Fig. 76) the modifi- 
Htion of structure has taken place before the enlarge ment of 
he long median vessel and the lateral tubes, 


The capillaries tributary to the lateral tubules are repre- 


ented in their most simple form in GC. micropharynx (1.c,supra). 


owever, the internal anterior vessel may move forward, as in 
‘a + 
. crenata, or become rudimentary, as in ©. glandulosa, The exter- 


al anterior tubule is usually the most fully developed, 
It is important to note that the lateral systems of the 
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iphidiocercariae never anastomose or coalesce in any way. The medi- 
| sagittal plane acts as a "watershed", altho the larva is not ap- 
reciably thicker in that plane than farther laterad, 

In the forms studied there were found no large flame cells in 
jhe course of the excretory system, If any minute flame cells were 
resent they were concealed by the thick integument, 

| whe literature shows a paucity of observations on the flame 


e115 of larval and adult distomes, for Gorgordera pagenstecheri 
for Philodistomum folium Ssinitzin (1905) shows the details 


sf the flame cells. They consist of an aneboid cytoplasm in which 
is imbedded a spheriod nucleus with rich chromatic inclusions. 

his cell is the terminus of the capillary (el). It is ordinarily 
funnel=shaped, but when distended becomes deeply reniform, The 
junction of the flame cell and the capillary is marked by a consid- 
rable number of cilia which vibrate rythmically, giving rise to 
Ssinitzin's characterization,"vibratile tip cell of the excretory 
system." 

A much more detailed study of the flame cell of the adult 


‘istome is given by Looss (1896: 110; figs, 78,77)for Distomum 
sanguineun Sons, The details of the cell per se are not appreciably 
ifferent from those given by Sind ta4n put the distribution 

f the flame cells thru the body of the distome is of interest. 
There are four symmetrical pairs of groups of three cells each 

in the middle of the body, and one pair of two cells each in the 
anterior and posterior reaches of the body, making sixteen pairs of 
flame cells and tubules in all (Fig. o7), This gives some idea of 
the arrangement of the flame cells in the typical distome, In 


Distomum isoporum(Looss, 1894: fig. 103) six paired groups of wl- 
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imate tubules are figured with four flame cells to each group, 
taking forty-eight flame cells in all. In Distomun cylindraceum 
@.c. fig. 163) there are six paired groups of capillaries with 

. flame cells to each group, totalling thirty-six flame cells. 


thus the number of flame cells is not constant in different species 


% 


jut remains constant, of courss, for each species, 

| Looss (1894: 349,250; fig. 186) suggests that the fundamental 
val system is the fundamental system of the adult. Extension 

and modific&tion occur thru a dichotomy of theexisting capillaries 
and flame célls, and an encroachment of the tubules upon the capillar 
. The greatest eadification takes place during encystment, 

witho this is in no sense a metamorphosis, 

' Among adult American distomes the excretory system of Micro- 
challus opacus (Ward) alone has been worked out with the exactitude 
mad finesse of the European workers (Wright, 1913: ode) iit heel 6a), 
This form has the distome ¥-shaped bladder and cornua, There are 
mly eight paired capillaries, and only sixteen flame cells, This 
ondition constitutes a remarkable reduction of flame cells from 

he ordinary types, a reduction which can not be entirely accounted 
or by the small size of tle species, 

The Echinostome type. This family of distomes is characterized 
' Simplicity of detail in the excretory system except in tl region 
Mf the head. The bladder is not markedly muscular, The pair of 
ateral vessels arises from the anterior median region of the blad- 
er, and not from the horns of this vesicle as in the xiphidiocer- 
rias, The main trunks do not dividebut proceed to the cephalic 
xtremity along the lateral margins. They sometimes receive small 


Tibutaries along their course, In the cephalic region the vessel 
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mmonly flexes back on itself, Such flexure may continue back to 
he posterior extremity of the body, as in CG. reflexae (Cort, 1915: 
ig. 43), or may continue caudad only a short distance, reflexing 
NBeoond time (C, biflexa, fig. 135). An intermediate form, OC. 

shins um, has been described by Looss (1894:191), where the first 

e continues Ccaudad while another part is reflexed cephalad, 

A modification of the type represented by C. biflexa, where the 
ne doubel flexure is entirely within the cephalic region, is seen 

nh C. trisolenata (Fig. 109). Either the end of the flexure has 

en fused to the most anterior part of the main vessel, or the mid- 
portion of the system has been modified, As a result a triangu- 
ar channel system has been formed at the anterior end of this ex- 
retory system, 

q The most characteristic feature of the two species of echino- 
Gome excretory system studied is the triplet of flame celis at 

@ anterior part of the system, A detailed study of the flame 

ells in C. biflexa is found in figure 138. The cells are situ- 

ted in the pockets communicating with the ultimate part of the 
Bflexed tubule. Cell a is found in the sinus between the secondary 
ad tertiary vessel, It points upward and outward, It is the smali- 
im of the three cells. Cell c occupies the swollen end of the 
rtiary vessel, It is the largest of the three vessels; its 

dia are the most rythmical of the group, Cell b lies midway be- 
eer cells a and 6. It points downward and inward, Cells ¢ and 
‘function in bringing the excretory wastes into the vessel from the 
\rrounding tissue and cell c directs the excretory material along 

. vessel, 


The excretory system of certain species of echinostome cercariae 
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tain granules, These granules have been found in all C. trisol- 
ta examined; they are found in the lateral vessels from the re- 

n of the pharynx posteriad to the acetabulum, They nave not been 
en in C. biflexa. 

j " The excretory system in the tail of echinostome cercariae is 
constant. In C, trisolehata there is a single median tube with 

. prominent tributaries. In C0. biflexa a median tube runs two-fifths 
e distance posteriad, where it divides to form two tubules which 
oceed distad. In ©. trivolvis and C, reflexae (Cort, 1915: figs. 
345) the median vessel of the tail courses backward about one-fifth 
y and ends there in a bifurcation, the ends of which open to the 
des. The biflexa type seems to be intermediate between the echino- 
Ome type described by Cort and the more common distome type, It is 


4 


ghly probable that the excretory system of the echinostome, with 
hree flame cells in the anterior portion of the system and possibly 
veral smaller ones farther caudad, has arisen from the primitive 
stone type. In most cases, the posterior flame cells have become 
sed into larger ones, so that only three flame ceélis remain in 

» anterior part of the system in C, trisolenata and C. bifleéxa, 

3 The Furcocercariae type. The furcocercous type of larva has, 
the one hand, common fundamental features of the excretory system, 
|, on the other hand, highly variable features, 

| The mature apharyngeal distome cercaria of the furcocercous 

pe has @ very small bladder in the posterior part of the body and 
© lateral vessels running cephalad. The unpaired portion of the 
i has a single median canal, which is united to the system of 

¢ trunk thru an "eyelet anastomosis". The median tubule of the 


a fe 
dl forks to enter the rami, The origin of the caudal vessels has 


E08 Se Se aS 


ob STH OTG5 bie TRS WOR, =O Lig? ne gb seid 
Jiwo edhe teal bene poee a ‘ef wowed -atembtoetar 


; recall te , 


sal ‘ i ‘ “4 oe! j 
Lyeet awe eh OF @ollv ih G-egene (eras 


' 
~we 


5 : mah 4 mo, BRAT e 2S hy sl ta bh 8 Fe bev £29. a ak) 
Tiy at AG 24°60 iol oat Wo lease 


' ‘ : 2 mw? 
a Ge Vet GO it bs C.4AL0 fiw ‘ ToUave exe. + & iti az be 


JJe00 lite GE Bo, cwteyt yaotatore GAT 


Baoy ba ageteye é@ff Io doiltog solvetae eat 
va | t: ‘ wld eos Malve ged «ARAB O tae tat 
ne Wve ites Shert toliergog aah , Ve bse) reo. O58 
| f (fon SROLS SOtos Via. ipeay os , COne, 

ee Bae e a itt fdyu sie te, 
nye OO TM ORE eat 9: Ared dalsacees 

te ot oan ga at So seuueae§ og co da totus't: ie nd 4 
| | 08 ‘eee 2 h(a baay x caaibi, bpd 
Pushes Blink Oye | el isores boodelhs sabia ak 

ue hod: 6 Tea mahtogeoy out at xebnetd fhe on ¢ 
math Qo Gt tia ena pt, sbi Laiore patties vs e 
lt gl ye hehe, Bd, odte. oni ahah 

(ho te ot aie ne bl og: | pepe e: 


» eD 


& pee ¢ 
ev w Leeter tata aed, be at 
i : ——""' toy sf bet LPS tates es rents isa Cabes 


en worked out by Looss for C, vivax sons, (1990: figs, 172-174), 
isy arise as the posterior extension of the paired body excretory 
bes, Their fusion in the common portion of the tail occurs after 
ne Tami have become well differentiated, The "eyelet" is an index 
f the original paired system in both body and tail. 

_ A study of the species C, gracillima(Fig. 143) and C. tuberi- 
ma (Fig. 155) shows the main features of the vivax type, The 

¢ ll bladder, the lateral canals, the median caudal tube, bifurcat- 
ng distally to procced into the rami, the "eyelet" at the junction 
f the body and the tail,- all of these seem to be constant for the 
atire group. Beyond these characters the features of the several 
pecies are divergent. 

Meee in C. pracillima (Figs. 143,145) the caudal portion is ex- 
pemely Simple, comtaining only the common median tubule and the 


orked tubule system into the rami, Unlike C, vivax with its three 


Wits of flame cilia in the common caudal tubule, this species has 

> flame eélls in the caudal portion of the worm, The system in the 
dy of the cercaria has a non-muscular trilateral bladder, small 
isterior tubes arising from the eres acts and a ciliary pocket 
out one-fourth way from the posterior margin of the body, on the 
ner wall of each lateral tube (Fig. 145). At the posterior margin 
this Ciliary pocket small tributary canals from the median plane 
Ow into the main canal, Slightly cephalad is another pocket, 
mewhat larger than the ciliary pocket, filled with small granules 
“_vardous Sizes and shapes, Into this pocket four or five small 
all Canals empty, the median ones of which anastomose with their 
tes from the opposite side, No ciliary cells are found in the 


minations of the capillaries. 
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- In GC. tuberistoma the caudal portion of the worm is charecter- 


ia by five transverse canals, Another pair, anterior to these, 


/ conspicuous because it runs forward for a short distance and 


s then reflexed backward for some distance (Fig. 155), The eyelet 


fd the bladder are both muscular are both muscular, In the body 


» 


tion there are no pockets for the lodgement of granules and no 


Fansverse anastomoses, No flame cells have been found in this larve 


A comparison of the furcocercous larvac with the Schistosomidae 


the striking similarity of the excretory systems of these 


fo groups, previously considered separate groups, lLooss (1895) 


inds the system of male and female Schistosoma haematobium alike, 


Litho that of the female may be slightly better developed, due to 


‘minimization of the musculature, The bladder is median, non-mus- 


L 


blar, except for a weak sphincter at the pore, It receives the 


wo longitudinals at its anterO-lateral reaches. There is no 


sdian canal (l.c. 72). Many of the laterals are dendritic, altho 


ney do not anastomose. Small flame cilia are at the heads of the 


apillary tubes of 3u to 4u diameter. These flame cells and capi- 


laries are intra-cellular, and not surrounded by an epithelial 


L in Ze 


_ Execretory system of the Parthenitae, We are dependent on the 


servations of Looss for the true functional excretory system of 


arthenitae (1893: 158-161). The system elaborated by Ssinitzin 


911: 77-80;Tav.I, figs. 24,25), in connection with the birth- 
ore of the redia, the "protonephridia", has not proved to be of 
coretory function, 


ul 


According to Looss {l.c.) the excretory system both in the 


a? 


porocyst and redia arises as a paired structure, from which 
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Sillaries and flame cells soon arise, The observations of the 


have been confined to the adult sporocyst and redia of the 


studied, in which the system is strikingly different from 


he embryonic condition, In many cases the excretory system con- 


of a diamond pattern of intercellular channels, without any 


flue to the former bilateral symmetry, The same amount of modifica- 


holds for both sporocyst and redia, In the holostome redia 


(Fig, 43) this diamond pattern is found, No flame cells have been 
ound in adult parthenitae, This distinct modification of the ex- 


story system in parthenitae is not surprising in view of the 


xtraordinary modification of the animal that has resulted from 


te eGndoparasitic habits during its entire life, 


Excretory granules, The excretory granules of the cercaria 


ne parthenita are spheriodal and have the general appearance of 
Mass beads. Their refractive index is very high. The size of the 
oneretions is variable in different groups and even in the same 
idividuel, As a rule the granules are largest in the monostomes 
nd holestomes, 


Few writers have given consideration to these excretory gran- 


‘66, Thomas (1883: 117) says for Fasciola hepatica larvae that 
the yellowish granules.....appear to be excretory products formed 
thin the cellsof the sporocyst and then ejected, They are partially 


Sluble in acids, leaving an organic basis." Looss refers to them 


3 "Opaque concrement-granules which on first sight throw the bound- 


Ties of the tubules into black relief" (1894:165), They are insol- 
ble in alcohol and color beautifully in stained mounts, Reference 
ls made to these granules by Cort (1915:16) to the effect that the 


Ubules of the monostomes are filled thruout their entire length 
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with Small round concretions which disappear in the process of 
reservation," ‘The writer has found that these granules are not 
jsually preserved in the corrosive-acetic fixing fluids, However, 
£ fixation is done without the acid fraction of the fluid the gran- 
tes are preserved, Application of strong acid to the granules 
@s an evolution of gas. ‘The granules are negative to inorganic 
tests, and are non-crystalline, as determined by the petro- 
graphic microscope, They take haematoxylin stains readily, altho 
hey do not stain deeply. They give no Molisch reaction, The 
xanthroproteic test is positive, indicating a benzene nucleus. 
It is probable that they consist of a conjugate protein before 
‘ixation. Fixation with mercuric chlorid alters them, since they 

“e then acid and alkali resistent, 
| Generalizations on the excretory system, The excretory system 
# the trematodes, including both cercariae and parthenitae, is 
Bssentially a bilateral system. It arises as two paired tubules, 
Which fuse in the bladder region of beeubacia to form the vesicle. 
The mature system of the parthenitae is highly modified from the 
rimitive type. The trend of the modifications is not directed, 

he system as found in the cercaria is carried into the adult. 
| Most individuels of all generations contain within their ex- 
retory systems spheroidal concretions, which are waste organic 
‘oducts, quite probably derived proteins, They lodge in the main 


subes and are expelled thru the excretory pore, 
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The Genitalia 


. This system of organs has been the most constant basis of 

ne: feation of adult trematodes, A more delicate technic is 
quired for differation of the genital organs in the cercaria 

1an in the adult worm, Because these organs have failed to come 

1 the ordinary preparations, no attempts have been made to 
these organs as a basis for correlating larvae and adults. 

91: masses have been figured by Looss (1896), Ssinitzin (1905, 1911 
Sort (1915), but these workers have not in any case shown them 
na tail. By means of a lengthy staining in a weak solution of 
Jafield's haematoxylin, followed by rapid differentiation and 

en neutralization with potassium acetate solutions in the higher 
eohols, the genitalia of the cercariae have been traced with 
degree of detail not previously attempted, These organs have 


en found to offer valuable data for correlating cercariae and 


lult trematodes, 
4 Monostomata. 

All three species of monostomes on which observations have been 
de, Cercaria pellucida, C. konadensis, and C, urbanensis Cort, 
sbably belong to the Notocotylidac, characterized by the symmetri- 
ally arranged testes, the presence of Laurer's canal, the location 
’ the vitelline glands in a double series on e@ch side of the 

sdy, and the courses of the uterus and vas deferens, Ssinitzin 


905: fig. 76) shows the inner series of five paired vitellaria 


or C. ephemera Nitzsch, but he has figured no outer series of 


) 


lee glands, such as are found in the three species worked out 
7 the writer. Ssinitzin is in error in considering them cysto- 


enous glands, because their connection is traceable thru filiform 
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ets to the ootype. With the growth of the cercaria to the adult 
sostome the originally distinct and readily recognizable vit- 

; elements becomed fused in part. Looss's figure of Notocotylk 
errucosa (Froel.) (1896: fig. 94) shows five rather poorly defined 
101 of vitelline elements in each of the lateral series, It is 

ble that the five inner elements of the serics have become 

to the three outer elements of the series, thus causing the 
definite outline of the elements in th adult worm, The vitelline 


nds of Notocotyle quingueseriale are apparently eight to the 


de, Here the three glands of the outer series may have been 
ntroduced between the five glands of the inner series (Barker 

d Laughlin, 1911: pl.1, fig. 10). A symmetrical pair of vitelline 
, between the inner and outer series of glands, is the conduit 
f ; the glandular elements to the region of the ootype. 

The cercariae of this group that the writer has studied 

» readily differentiated by a comparison of the genitalia, 

‘In Cercaria pellucica the well-developed cirrus pouch and the 
‘ly developed vagina reach the confines of the excretory trunk 


€ 
3t behind the median eye, In OC. konadensis the cirrus pouch and 


vagina are both equally developed. The former is falciform, 
latter pyriform, The vagina is lateral to the cirrus pouch but 


somewhat posterior to it. The genital pore in C. pellucida 


snot as far posterior as that in C. konadensis. In this species, 


3 well as in C, urbanensis, the testes are marked by definite cell 


\sses , while in C, konadensis the testicular masses are much 


indefinite, They are small in each case and lie ventral 
9 the vitelline organs, The course of the vasa efferentia is 
early outlined. 
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On the basis of the structure of the vitellaria the species 


1 the cercaria stage can be differentiated, In C, pellucida the 
ds are actually spiculate in outline, flattened dorsoventrally. 
ipivitel line material is finely granular and closely massed, In 
‘konadensis the glands are deciciedly dendritic, and the granules 
fe diffuse. In CO. urbanensis the glands are lobate and the fine 
ranules are included within a dense mucoid matrix, 
| Holostomata 
| “Holostomidae. The thickness of the tetracotyle larva, togeth- 
r with the cyst, in which the majority of these individuals have 

en found, has prevented a study of the genitalia from stained 

to mounts, However, the genital organs come out clearly in 
‘rontal sections of % thickness (Fig. 39). The ovary is situated 
St caudal to the posteriormost muscular lappet in Cercaria 
‘Labelliformis. A short ovidect proceeds dorsad, and after junction 
ith the vitelline ducts at the ootype, the emerging duct, the uter- 
|, proceeds postsriad to empty into the genital pouch (Genital- 
3 -). The vitelline glands are long paired chords, In ¢. fla- 
lliformis they are composed of large vesicular glands: (Pig 139)5 
| Tetracotyle pipientis (Fig. 47) they are loosely follicular, 
1e testes are paired structures which may occupy positions from the 
of the ovary (T.pipientis) to the plane of the genit al pouch 
3. flabelliformis). The pouch is muscular and opens posteriad, 
entral to the excretory pore, 
Thus these genital organs are typically holostome in chara~ 
ter, corresponding to the main features described for the adults 


y Brandes (1891), Thoss (1897), and Johnston (1904). They are suf- 
aia detailed in this stage of the species development to be of 
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otic value, 
' Hemistomidae, In this family the genital organs are situated 


ly posterior to the acetabulum, The primitive genital pore, 

@rior to the acetabulum, has lost its connection with the 

talia, and with the addition of muscular elements has assumed 
torial function, 

aaa species Cercaria ptychocheilus has an ovary elongate in 

everse plane, spatulate, situated just behind the acetabulum, 

granular, compact, and stains deeply with haematoxylin dyes, 

; its left it merges into the oviduct, a large coiled tubule 

Lich bends in tiself three times just behind the margin of the 

rary , then empties into the ootype just anterior to the bursa 

ae The densely masses cells of theglands in the vicinity 

he ootype lie just above this organ, The testes are situated 

; the right side just ventral to the ovary. They are small com- 

ct glands, and have no ducts at thié stage of development. The 

telline ducts from the diffuse vitelline follicles meet the other 
pital products in the ootype. It is very large and muscular, 

d lies just ventral to the excretory bladder, Symmetrically 

mged glands, with glandular nuclei and hyaline cytoplasm, empty 

to the bursa from the postero-lateral reaches, They vary in 

wer from seven to ten in each paired group. 

_ With the exception of these glands emptying into the bursa, 

1 of the genital organs of this larva lie in the anterior patel- 

a region, With the exception of the later formation of 

terine duct between the ootyve and the bursa, all of the organs 
Bin the approximate Poawed on where they will be in the adult worm 


@ massing of the organs in the anterior portion of the animal 
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} undoubtedly correlated with the abbreviation of the appendicu- 


r portion of the species, 


In the literature on larval hemistomes (Diplostomulum) v. Nord- 


i’ 


1833:34-35,pl.1II,fig.1) describes an egg pouch for D. vol- 
sand two symmetrically arranged testes, with ducts, in the 

ior of the acetabulum. Since v. Nordmann has seen the eggs in 
6 uterus there is no possibility that this organ is an oviduct, 
t it seems strange erat the uterus has been found and the 

: and oviduct are not yet differentiated, Leidy (1904:111) 
soribibg D. grande (Diesing), speaks of "ovaries, dusky yellow". 
mee the ovary in the Holostomata is single, the organs described 
re possibly testes. 

a The bursa is the muscular organ par excellence in Cercaria 
ychocheilus., Iluscle elements protrude into the atrium, so that 
constriction exists betwecn the anterior and posterior portions 
- the organ, 

| The genitalia of the nolostome and the hemistome are similar 
| those features in which they differ from the distomes, They 
uve modified their primitive genital pore so that it has either 
come rudimentary or has assumed a muscular function, The sperm 
sts and the uterine duct empty into the bursa at the posterior 
i of the animal, instead of the atrium anterior to the acetabulum, 
s new genital pore is posterior to the ootype, and ventral to 


e te ory pore, 
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Distomata 


_Xiphidiocercarise, The group of the stylet cercariae, comprising 


nh 
ornate species and five without the tail fin, are probably 


val Plagiorchidae. The ornéte larva is closely related to the 
er five, put is less akin to them than they are to each other, 
pt (1915) believes that the finlees xiphidiocercarise probably 
a to the Plagiorchiinae, fromthe knowledge of the life-history 


7 


‘Gercaria 1 lymnaeae-ovatae (larval stage of Opisthoglyphe rastel- 
2), end the opinion of Sesinitzin (1905: 154) who places C. secunda 


mf. 
ng the species of Plagiorchis.A much closer index is found in 


C 
comparison of the genital systeus of the larvae and the Plag- 


f >r chi inae id 
rw , 


The genitalia in the cercariae are readily defined with re- 


7 s 
ference to the acetabulum, They are situated in the middle of the 


e's 
tral side of the larva or slightly posterior to this position. 


at 
6 ootype is posterior and dorsal to the ootype. The uterus coils 


Bot. 
ound the right side of the acetabulum, It ends in a blunt or 


ering cell mass, lLaurer's canal is on the left of the median 


ne, just behind the middle of the acétabulum. It is present in 


4 the species of stylet cereariae examined. Only in two 


cies are the testicular cell masses outlined. In C, crenata 


e.. 59) these glands consist of two large ovate masses. In 


e © 
SF dendritica (Fig. 86) the testes are small, situated closely 


ehind the ootype. In no case is the ovary clearly differentiated 


romthe region of the ootype. 

The vitellaria are definitely outlined. These glands in C. 
ae (Fig. 66), ©. diaphana (Fig. 78), and O, micropnarynx 
(Fig. 96) are much more alike than those in the remainder of the 


‘let species. The vitelline follicles of OC. dendritica (Fig.86 
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ac. crenata (Fig. 59) have, on the one hand, a system extending 
itive length of the body, and, on the other hand, a system 
nfined to the immediate vicinity of the ootype. 

“The genitalia and ducts of C, racemosa, the lateral fin type, 
Ge. 104), bear some resemblance to those of C, dendritica (Fig. 86) 
, Laurer's canal is very prominent in this fintail species, 

; lated to the extreme left of the ootype, some distance outside 

' the acétabulum. Instead of coiling around the right side of 

y acetabulum, the uterus in this larva makes four double obli- 
- dorsal to the acetabulum. The ovarian cell mass is 

‘sal to the ootype and connects with that organ thru a short 

Bot. The testes masses have not been observed. 

Echinostomidae, The two species of this group which have been 
tudied, OC. trisolenata and ©. biflexa, vary in the structure 

By enter ganital organs most markedly. In view of this diversity 

t does not seem advisable to take them up im detail. 
Sevres. The material of Cercaria pracillima was studied 


i 


ith especial reference to the genital cell masses, both in the 

ta and the section mounts. The female system consists of the 
ary-uterus mass on the right and the cirrus mass on the left, 

th in the vicinity of the acetabulum, The vitellaria are lateral 
a empty into the ootyle thru transverse ducts (Fig, 149), The 
seticular follicles are numerous, They are proliferated from a 
terior germ mass, which is ventral to the bladder, This larva 
Ptnct by the writer to be a schistosome, in view of its several 


Losely related structures in the nervous, genital alimentary 


nd excretory systems, 
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a) The Digestive System 
The most uniform system in the Digenca is the digeative tract. 
ith the exception of the sub-order Gasterostomata and the super- 
amily Prostomata, the enteric canal is triclad in character, The 
i features of difference in the various families of the group 
Is the modification of the esophagus region of the gut. In most 

s there is a pharynx sphincter just within the oral pocket, 

| other species the pharynx is small and inconspicuous, In still 
i. 


thers there is no bulbus around the esophagus, but in its stead 


group of gland cells. 

; The digestive systcm in the cercaria is not a larval system 
ut a fully matured system, In some cases 1.5 is not functional, 

s in the Mononstomata, where the paired ceca are still filled with 
j jell (Fig. 13); in other cases, the ceca are extended in length 
suring later life, as in the Schistosomidae, While the larval 
Ligestive glands of the cercaria may not be retained in the mature 
worm, nevertheless they represent a mature functional process, 

The forking of the ceca is not constsnt, varying in different 
pecies, Even the relative length of the parts of th tract varies 
jreatly in the same individual at different times, due to the 
xtreme limits of contraction and expansion of the larva, so that 
jhis relation of parts can not be entirely depended on for a 

basis of diagnosis, As a whole the digestive tract is remarkably 
miform and simple, as might be expected in a larva in which the 
food supply is so accessible. 

| The sporocyst has no digestive tract, but takes its nourishment 
directly thru the body wall, In consequence the cells of the 


epidermis are thin and at times apparently glandular, as in the 


» gatas, evitapyed eat i oH 3 

Jomas o) ldweg th edt et apmeeee war. as aosern § 
‘stone e4¢ Bas ai +p nod nore feeds teise-dye ‘eat, we 
tetoeredo at Batetet ef un shnetae ‘enya 

wory edt to eelitmet euulsee bar. net a 
[oO NL 8 .tey OAT Yo Bokgeg argecyoes oi to aio 


SOL00G leto oct. olstiw geor tedenmiaee mr Tan ey 
(ive cl ,evouolqenons! haw {fame et zaveede See 


<SUgeiqoes ect hivats esd isd ay 


aolvonu? gom al 9i ¢eege omoe ct’ .meteve Bet +a 
tw Del{lt [tite ee abeq berlieq of. sredw .etenoee 


JehOt Tf Ce hastee. atm ioeo ect ,esago aedto al iG 


= & 
: ° 


oVisl od’. @LicW ,@abtmowgte tdee ace ht Ga ,Othi 
ug on) nt bontedex e¢ tox wex Sshisoties. ody, To | 
-Sstcotq Lenolvagy? oxutes a, tieeige: godt ops fed | 
OTe TIL wt antyrey tungedee fon wi ace, odd BS) . 
coltay toot? Mg. 2q etteg pat Yo ideas oveda lor. aad. 
shy of SOh ,eemdd ¥ MIS T2Ab C& Leubivital TBE | 
todd Of wired 243% to He hetegRs, bie Tosdostd ago to s 
sot re. bea bare af yiezt tim ec Son mae aatAy $0. 
lox remem aif te avitase th ent ¢ Louw 3 .8t Rhee 
ah dobsw) aa ave ly ba betoegse we tap in ib ot 
| eee a .* dians cog pm 8 
Srondetawoa att aAMRY . ies ‘lois, aviteogth On| i “i 
ond to ote: site eohamgpamge 6X) titer we a 
edt pt ni Taso By. Lore, eae tet 


rr 
. 


cercarias, 

The redia has a gut-pouch for a digestive system, with a pharynx 
neter around the anterior end, Hence the epidermis is not used 
e capacity of food transference, and is heavily. lined beneath 
an integumentary secretion, For securing food the redia of 
pia pellucidais provided with an oral piercing organ, The 


a of C, flabelliformis is equipped with paired mucin-salivary 
ah a5 
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The Nervous System 


‘One of the earlier and better known systems of the adult tre- 
tode was the nervous system, Leuckart (1863: 462) states that 
ojanus and Mehlis were familiar with the gross anatomy of the 

us system of the larger flukes, and that von Laurer, Diesing 


Siebold as well as the elder van Beneden were acquainted with 


systems of both the large and the small worms. Leuckart 
soribed the system for Fasciola hepatica and F, lanceolata, He 
ates that there are two or three stems and proceéds to describe 
se anterior dorsalis and anterior lateralis and the thick posterior 
sntralis. Somewhat later we have the stuay of the same worm by 

me (1880:46-50), who substantiates the work of Leuckart, and in 
ddition describes the dorsal posterior and acetabular innervation, 
Bre recently Gaffron (1884) and Locss (1892,1804, 1895) have placed 


he nerve anatomy of the adult trematode on a firm foundation. 
Wright(1913), 


Ork of confirmation has been done by Hoffman (1999), 


md Monticelli (1914). Nor has the finer work of the nerve endings 
a the ganglion cells been overlooked. Many of the earlier writers 
ave made out the ganglion cells of the pharynx region and have 
ecorded their observations of the nuclei, Bettendorf (1897), 

>rkking on Fasciola hepaticawith intra vitam methylene blue and 
olgi methods, has brought out clearly and convincingly the ner- 

s system of this worm. This study has been augmented by the 

ork of Zailer (1914). 

In view of the extensive study of the nervous system of the 
dult trematode, it is a matter of no little surprise that so 
little has been done on the nervous structure of the cercaria and 


he parthenita. Looss(1894:245) has confessed the difficulty in 
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cing such a studyand has observed that"sin, wie es scheint, nicht 
is 
strachtlicher Theil derselben fallt in die Zeit der Cercarien- 
icklung, und weiterhin, ist auch der ganze Apparat wahrend sein- 


ow 
bildungzeit, dass es mitunter recht schwer ist, zu entscheiden 


es ihm und was zu dem umgebenden Parenchyme gehort." One won- 


* 


> wy Looss did not used preserved material for his study of 


is 


nervous system in thelarva or avail himself of intra vitam 
pene blue technic. By the use of an eosin counterstain against 
haematoxylin background the writer has been able to eecure remark- 
sections showing with extraordinary delicacy the nerve 
sehes as well as the central nervous system, It is the purpose 
Riis section of trematode morphology to present data and ob- 

r ee on the development and structure of the nervous system 
parthenita and cercaria, 

‘the central nervous system of the adult trematode consists of 

0 central ganglion masses, situated dorsal and lateral to the 
rynx and yoked together by a transverse ‘commissure passing 

21 to the pharynx, The appearance of this structure has been 
tly described by Lang (1880:46) as a sedaie between oral sucker 

d pharynx, In cross section it is lunar. Here are centered 

e most of the ganglion cells, altho they are frequently found 
Beriorly, and often in the sensory apparatus of the oral and 
ntral suckers. The system also has a subesophagsal commissure 
ich differs in size and shape in different species of flukes. 
tending forward into the region of the oral sucker are three 


irs of nerve trunks, the dorsalis, lateralis and ventralis, Of 


\@ 
‘ 


lese three the latter is the most fully developed, It has a 


mus muscularis which is both motor and sensory (Zailer), end 
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_ extensive connection with the oral nerve ring, The anterior 


zalis is also a strongly developed trunk, with a ramus muscul- 


b and a Taemus palpalis, and transverse commissurés to the an- 


ie | 
3 = dorsalis and posterior lateralis. The anterior dorsalis 


r. weakly developed nerve which innervates the apical sensory 


jeld, A transverse commissur¢ connects the two dorsales above 
me 
‘¢ head muscle sheath. In addition to these three primary trunks, 


1€ palatinus, a weak motor nerve, lies internal to the anterior 


entralis. Posterior to the central nervous system are the three 


sterior trunks, the dorsalis, lateralis and ventralis. The ventral 


runk is by far the most strongly developed, In addition to these 


is the small but conspicuous internal branch of the ventralis 


mown as the pharyngealis, It occupies a posterior position, 


rresponding to the palatinus anterior to the central nervous 

x : tem, 

ae 

Braun (1893:683) considers the yentralis, dorsalis and pharyng- 


galis to be the three pairs of posterior nerves, However, the 


oneistent course of the lateralis to the posterior extremity of 


8 body, its early appearance in the embryology of the worm, 


| its commissural comnections with anterior lateralis and 


W 
y we 


Bverior dorsalis surely proove its right to a place in the 


rank of the primary posterior nerve trunks, 


The nervous system of the monostomes has been worked out by 


igerskicld (1891), for Opmogaster plicatus(Crepl.), and by 
jonticelli and Looss for Catatropis verrucosa (Frol. ), Looss 


(E96: 149) considers the system similar to the distome type. 


"Je n'hésite pas & attribuer au systéme nerveux de notre ver une 


goné truction analogue a celle que nous avons déja signalée chez 
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nombre de Tréematodes digénéses", However, Looss (1896: 1.0.) 

6 not able to make out clearly the anterior trunks, Jagerskiold 
391:14-16) describes accurately and in detail the cerebral gan- 

: masses with the transverse commissure, the posterior ven- 
alis, dorsalis and lateralis, and the three anterior trunks, 
hort and thorn-like, the homologs of the dorsalis, lateralis and 

tralis, A stem, designated as the "fourth", arising from the 
terior reaches of the cerebral masses, passes ventrad to the 
gior below the oral sucker; this is possibly the genital nerve, 
% Seems more probable that it is the palatinus. The only real 
idification from the distome type is the absence of the acetab- 
lar innervation, due to the loss of this organ, 

fhe Schistosomidac, altho distomes, deviate in certain respects 
tom the typical distome in their nerve anatomy, The system has 


yen worked out by Looss (1895:60-68) for Schistosoma haematobium, 


iteriorly all of the nerves are found except the ralatinus. 


. the region posterior to the central nervous system, however, 
ere is a marked change, due to the complete absence of the 
teralis, and the fusion of the dorsalis with the ventralis in 
he region of the acetabulum, 

Bin the Amphistomata adults among the earlier writers Lejtenyi 
1881:142-144), working on Gastrodiscus polymastos Leuck,, described 
yo ganglion centra with the dorsal commissural bridge, but with 
023 one anterior and one posterior pair of trunks, In contrast 
> this simple description is that described by Looss (1896:21 ,383) 
or Gastrodiscus aegyptiacus (Cobb. ), where the usual distome 
erve trunks were found, and in addition a median anterior and 


“ 


median posterior nerve, Looss has also worked out the nerve 
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tomy for Amphistomum subclavatum Rud,in even greater detail 
1893: 151; Taf.19, figs. 1,2,), and finds that they correspond 
“the distome type, except for the innervation of the posterior 
"The one group of the Digenea where the nervous system had been 
> entirely neglected is the Holostomata, PBrandes(1991) states 
at none of the workers of the nervous system up to his day have 
on the holostomids. He has observed only the central nerve 
lying above the posterior portion of the pharynx, an anterior 
id a posterior pair of nerve trunks, the tracings of which he 
us found in sections, Thoss(1897), working on Holostomum cucullus, 
inds the main nerve center lying dorsal to the origin of the 
sophagus, with two paizsof anterior and one pair of posterior 
sr trunks, 
| The observations made by the writer are based on frontal sections 
f the larvae of the various groups of cercariae, For the study 
the echinostome cercariae and dee ties wax models were con- 
ructed from sections and sketches made from the drawings (Fig.s. 
31-185), In addition to these, detailed camera sketches have 
ser made of monostome, holostome, schistosome, and xiphidiocer- 
arias groups, 
The central nervous system of Cerceria trisolenata, the echino- 


bone, consists of two masses of ganglion cells and the dorsal 


mmissure lying concavely on the dorsal side of the large mus- 


llar pharynx. The commissure is broad and flat. The dorsal sur- 
ee of the ganglion masses and the commissure present a smoothly 
irved surface, but on the ventral side the ganglia bulge out 


sainst the pharynx. ‘The anterior trunks consist of the dorsalis, 
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teralis, ventralis and the palatinus. The paired dorsales arise 
nN 


pether with the laterales and proceed forward with them for some 
mf 


* 


tance, After separation, the dorsalis runs more median, then 
ro 


ss outward and dorsalward over the oral hood, proceeding to- 
ra the apical sensory center, The lateralis at the point where 
Rees the dorsalis proceeds outward and forward, so that it 

a level Slightly below the plane of the central nervous 
tem. Slightly after diverging from the dorsalis the lateralis 
ves back a commissure to the dorsalis. This dorsolateral con- 
tive fuses with the dorsalis just behind the posteriormost 
aching of this trunk, Arising from the most ventral reaches 
the ganglion center is the ventralis, a broad flat trunk, which 
ies outward and downward to the oral lip of the oral sucker, 
ene ly it gives off the palatine,which lies just lateral to the 
arynx, 

hy 

Caudal to the central nervous system arise the four pairs of 
Re trunks, the dorsales, the laterales, the ventrales and 
iiaryagesies. The dorsalis arises dorsal and slightly lateral 
the junction of the ganglion and the commissure, It runs 
Sacht backward,slightly dorsal to the plane of the central 
vous system, The lateralis arises slightly lateral to tt dor- 
Lis; its path lies outward and backward, The ventralis arises 
a the very heart of the ganglion mass. It spreads outward and 
en runs backward parallel to its mate, Just median to the origin 
f the posterior ventralis arises the ventral commissure, flexing 
slow the prepharyngeal opening. It is stout and bowed consider- 
Ly downward, Between the commissure and the ventralis arises 


e pharyngealis. 
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@ germ ball of Cercaria trisolenata some 45n by 60m in size, 
Seestrel nervous system is well developed, This may be called 
MMbutterfly stage" (Fig. 121), from the general resemblance 
the central nervous system and ain trunks to a butterfly. At 
s period there are two pairs of main trunks anterior and four 
airs posterior to the central ganglion mass, The anterior trunks 
e the ventrales and the laterales. By reference to the next 
ge in the development (Fig, 122), we note that the dorsales 
fee from the sinus between the laterales buds of figure 121, 
Mey arise at first as a single bud, and bifurcate later, Caud- 
ly the most conspicuous trunks are the dorsales , which arise 
1a median Plane and conspicucusly dorsal to. the other posterior 
unks , The dorsal commissure at this period is practically 
gligible, The outermost ventral trunk-buds are the laterales, 
ort and stubby at this period of growth, The ventral trunks 
ise from the ventral portion of the cerebral masses, Between them 


@ the laterales arise trunks which are present in the embryonic 


@ge only. They will be designated as the posterior intermedius. 


In stage II (Fig. 183) a very decided change has occurred in 


€ outline of the central nervous system, altho the fundaments 
the first stage described are present. Anteriorly the inter- 
jiate space between the laterales has disappeared and from that 
gion has arisen a wedge which is the fundament of the paired 
reales, The ventral trunks have beenset off to themselves by a 
pera growth and elongation of the intermediate fibers, On the 
jada side of the ganglion the posterior dorsalis has been sep- 
ated from its mate by the growth of the dorsal saddle commis- 


re, Most noticeable, however, is the change that has taken place 
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the ventral portion of the system. Here the spade between the 


hreics has become exceptionally wide and a prominent commissure 
ywn out from the trunks, commonly known as the subesophageal 
missure, It is the homolog of the transverse commissure occur 
g along the entire ventral side, The intermedius trunk has be- 
» fused with the posterior lateralis, in part, and then crosses 


- to the ventralis, This is the connection known in adult 
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| @ anatomy as the ventrolateral commissure, a strong and important 
sercommunicating trunk (Fig. 123). In the developmental stages 
trace of palatinus or pharyngealis has been found, 
ercaria glandulosa is favorable material for the study of the 
ute structure of the nerve fibers and ebdings, In the anterior 
this larva there occur in five frontal sections of Su thick- 
‘ll of the fundamental nerve endings of this region, In 
tion 1 of the worm the most dorsal section, there are no nerve 
Jetures save a few sensillae to the dorsal lip of the oral 
cer, They receive innervation from the anterior dorsalis, and 
ive that innervation from the anteriormost fibers cut off in an 
que plane beneath in eection 3, just in front of the musculus 
Palis, Section 3,(Fig.68), shows the trunk of the dorsalis 
ending into the oral musculature. It has three main branches, 
$s coursing to the preoral region to supply the conductive strands 
> the preoral sensory endings, one becoming the short superfic- 
lis, and a longer one, the profundus, passing under the endings 
the Hib act tes102 10) In the region of the musculus preoralis, 


€ apical sensory field is continuous across the sucker from 


ght to left, Passing to section 3, (Fig, 69), we find the main 


tlines of the central nervous system, together with the anterior 
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Here is the dorsal portion of the ganglion cells, Anterior 


i dorsal is the dorsal commissure and ventral is the subesophageal 
ure, The forward traces are the trunks of the lateralis 
the outermost superficial ramus palpalis and the more deeply 
ted mamus muscularis, The latter branch innervates the mus- 
‘preoralis and the anterior lip of the oral sucker, On the 
ft is the trunk of the anterior ventralis, arising from below 
@ tiass of the ganglion cells. At the anterior extremity is the 
~* sensory field. The dorsOlateral commissure is very clearly 
ate in this section. Section 4,(Fig, 70), shows the remainder 
the central ganglia with the left anterior ventralis passing 

ard, This is a large trunk, with an especially important 
} palpalis leading to the apical sensory field, and a small 

ral nervus Communicans supplying the oral nerve ring, This ring 
mpletely encircles the superficial region of the oral sucker and 
Mnects with the superficial branch of the dorsalis, The ramus 
scularis of the ventralis and the palatine branch of the ven- 
alis are found in section 5 (not figured). 
Passing caudad all the posterior roots are well defined, Four 
sterior roots are visible in section 3,(Fig.69), These include 
¢ posterior dorsales, laterales, ventrales, and pharyngeales, 
"a fortunately cut section of the same species the innervation 
the acetabulum is beautifully demonstrated (Fig, 71). The two 
in longitudinal trunks, the ventrales and the laterales, are 
mnected by commissures. Those around the acetabulum are of 
pe ial importance, The preacetabular cowmissure arises from the 
pera trunk and proceeds in a posterior oblique coursé, then 
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ound the anterior reach of the acetabulum to meet the branch 
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om the other side. The postacetabular branch arises from the 
is also, but sontinues caudad along the course of the ven- 
. Behind the acetabulum it meets the branch from the oppo- 


%6 side to form the span, From these trunks circumscribing the 


um two ring commissures arise, a superficialis and a pro- 


undus, of which the latter with the nerve endings is found in 


} section (Fig. 71).. 


The nervous system of the monostome, as worked out by Jagers- 


Old (1891: Taf. I) for Ogmogaster plicatus (Crepl.), has been 


ostantiated for the most part in the study of Cercaria pellucida. 
ee figure 23). The three paired posterior trunks are evident. 
le posterior ventralis is the most important of these and can be 


races to the caudal extremity of the animal in all cercariae 


mebis species, as well as in C. konadensis and 0. urbanensis, 


dorsalis is less conspicuous, yet it is usually traceable far 


dad, The posterior lateralis is delicate, It arises near the 
gin of the ventralis and swings out laterad in a great bow, 
» too, Can usually be traced to the posterior extremity of the 


Oe 


The anterior trunks can also be definitely traced. The ventralis 


ises from the extreme lateral horn of the ganglion center in 


junction with the posterior ventralis, Mowe median, the anter- 


r lateralis is found, The two anterior dorsales arise as a 


ingle structure along the median line, Their primary function 


a... : 
| the cercaria is the innervation of the median pigment eye, 


tho branches may be traced farther anteriad, Likewise, an impor- 


ant branch of each posterior dorsalis forms the nerve tract to 


e lateral eye. 
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ganglion cells in themonostomes are superficial to the 
rve strands, A’considereble number of them are not even in in- 
te contact with the fibers,but have fibrillar communications 


‘them, The ganglion masses from which the nerves arise are 


stinctly cornuate, with a wide dorsal commissure, 


‘Pigmentation and eye-spots in the monostomes, The monostome 


roariae that have come under the direct observation of the writer, 


Qgether with those described in the literature, may be placed in 


© groups according to their eye-spots, namely, those with a 


Nngle pair of eye-spots, disposed laterally to the brain center, 


a hose with an additional median eye, anterior to the central 


vous system, The amount of pigmentation is considerably larger 


| the trioculate species than in the bioculate type. Figures 


‘o 3 show in dorsal view a series of stages in the pigmentation 


f Cercaria pellucida, The pigment originates anteriorly over 


a 
e€ brain center and proceeds caudad along six lines of growth, 


ery careful study of the pigmentation in these species indi- 


 ) 


tes that a very simple but reasonable relation exists between 


pigmentation and ths underlying nervous system, The pigmenta- 


ion is found to be a delicate index superficially of the under- 


ng nerve fibers, This pigmentation is present in the subinteg- 


lentary areas and follows with preeision the racemations and 


sntritions of the nerve endings, Figure 37 shows the nerve end- 
ags in the anterolateral reaches of Cercaria pellucida, Tne 
imal is probably sensitive to light or heat impressions thru 


iis medium, 


In the paired eye-spot a definite subspherical "lens" is found 


H the region of the concentration of the pigment. In the median 
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y of the trioculate type a median eye "lens is sometimes present, 

Yc igin of the eye is simple. At an early stage in the germ 

1 (60u to 80u), when the cell masses of the nerve trunks are 
mitely outlined as they emerge from the ganglion center (Fig. 36) 
moh of the posterior dorsalis, larger than any other nerve, 

out obliquely. It meets an invagination of the ectodermal 
rex, which may he considered an "optic cup", There soon forms 
“the hollow of the cup a quantity of dark brown refractory gran- 


8 


es, which entirely line the optic cup several layers deep and 
8 @ but a small cavity within, The optic branch of the dorsalis 
Ads back into the cavity at the place where it first comes in 
Mtact with the cup and here ends in a pyriform enlargement, 
ee merve cell. The structure of this end organ is such that it 
ght be interpreted as a "lens", if the connection with the nerve 
bnot made out, Cort (1915:15) has placed that sort of an in- 
srpretation on the eye structure of ©. urbanensis and C, inhabilis. 
ir the former he states that "cach true eye is formed Dby-a mass 
f pignent in the form of a cup, the bottom of which is thicker 

m the sides, A lens fits into the opening of the cup, leaving 
space between its lower surface and the bottom of the cup". And 
vain, for ©, inhabilis, "the large eyespots are composed of 

6 lens and the cone of pigment like those already described for 

€ monostome, Cercaria urbanensis", the writer has studied 
me of Gort's material and has found sections where such an in- 
erpretation might be made from a single section, But in the 
receding or following section the connection of this "lens" with 


16 optic nerve is plainly seen, 
his monostome is similar to 


‘The eye structure as studied in % 
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at found in the Monogenea, especially the type in Tristomum molae 


Stericr eye (Hesse, 1897:559; Taf.38,fig. 89), The nervous sys- 


i of the monogenetic trematode was first studied in detail by 


g (1880), who made out the pigment cup, a refractory body (licht 


nder Korper), a ganglion cell, the retina, and sye muscles 
fea); Taf.I, fig. 2, Taf. II, fig. 3). Most later investigators 


ntion only the perceptory body and the accessory apparatus, altho 


(1910:217) has identified the muscle fibers of Lang, The 


oy 


eral concensus of opinion is held by the writer, that the 


rement of the eyes depend largely on the general bodily movement. 


In the adult Monogenea studied the pigment cup is found to lie 
Aeweer the refrectory bulb of the eye and the possicle source 
Tight (Goto, 1894:81), In the monostomes, as in Dendrocoelium 
ot eum (Hesse, 1897: Taf.27,fig.10), the hollow of the cup is 
irected outward, so that light falling on the eye must pass thru 


le end organ before reaching the inner portion of the picment 


\ 
ee 


~ 6x e 


The pigment of the organism is probably the waste product in 


s metabolic economy of the worm, Its close association with 


le nerve éndings in the monostome cercariae seems to indicate that 


6 is the melanoidin fraction of the oxidative processes in the 


vous system. The possibility utility as a receptor of light 
“heat is a secondary item and must not be confused with the 


Pimary meaning of the pigmentation, 


In the free-living Platyhelminthes we have the fully developed 


ye in the mature individual. In the ectoparasitic trematodes 


he eye-spot is well developed in the young animal (Hesse ,1897: 


30,561) , but dezensration takes place as the animal matures. 
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9 (1894:81), speaking of Tristomum, observes: "Morphologically 
ngthey are certainly degenerate eyes; and have probably been 
| from such c¢cyes as are found in Turbéllaria; but I do not 
hey are functional. In the first place the pigment gran- 
lare situated on the dorsal side and thus prevent the light 
®aching the lens, since the dorsal side is the only direction 
hich light can come, In the second place there is not always 
astinct retina, If these 'eyes' are really still useful to 
s animal, they may possibly be a temperature sense organ; and 
r that purpose their structure seems too answer well." Goto 
On to show that the more degenerate condition of the eyés 
Tristomum Ovale is due to the greater degree of internal par- 
of this species than that of Tristomum molae, In the 
jostone, the eyes are well developed in the cercaria but become 
lly degenerate , with a loss of all the pigment, in the adult, 
that the adult of one species has been described by Creplin 
Malbidus" (Jagerskiold, 1891:4). A still further stage of 
generacy is found in Cercaria raoemesa (Fig, 100) and C. 
eillims (Fig. 144), where the optic nerve is still present 
t the pigmentation is absent, 
‘In Cercaria gracillima, the representative of the furcocercar- 
>» the nervous system is narrow, in correspondence with the 
benuate condition of the animal, The posterior laterales are 
t found in the mature cercariae, altho the bud is present in 
6 germ ball (Fig, 151). One is struck by the significant re- 
miblance of the main nerve complex of this cercaria and that of 
i 


histosoma haematobium, described in detail by Looss (1895). The 


ree pairs of anterior trunks are readily found, altho, in addition 
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prominent dorsolateralis is found(Fig. 150), The posterior dor- 
Li arises from the dorsal side of the ganglion cell mass and 
eds caudad to the region of the acetabulum, where it fuses 

bh theventral trunk, A prominent subesophageal commissure and 

1 pharyngealis are present. The fundamental resemblance 

en the system described for this cercaria and that for the 
histosome adult seems to the writer to be the most exact morph- 
ogical evidence possible for the correlation of these apharyngeal 
reocercariae with the species of the Schistosomidae, 

"A study of the nervous system of the Hcolostomata has been made 

| Cercaria ptychocheilus, based on both toto mounts and sections 
@e. 53). No adequate idea of the nervous system of this group 

n be secured from the meager data of Brandes (1891) and Thoss 
1897). The dorsal commissure is indistinct and thoroly fused 

th the ganglion masses, The latter are wide, with a constriction 
ener in the region of the origin of the lateral trunks, The 
unks figured by Thoss are probably the ventrales, since they 
wply the main innervation of the animal. The anterior wentralis 
ees along with the posterior ventralis just anterior to the 
tter, The anterior trunk soon divides, The major portion runs 
ound the oral sucker, while the external branch is traceable 
iterolaterad, The anterior lateralis is represented by a blunt 
ook just outside the pharynx, It runs cephalad but soon ends 

1 two delicate branches, There is no posterior dorsal or posterior 
4%eral. The posterior ventral is stout and thick. It gives off 

le prominent branch externally soon after it reaches its most 
ternal position, At regular intervals it gives off branches 


iternally which have the indication of rudiments of commissures, 
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@se transverse trunks juet anterior and posterior to the acetab- 


m are still well developed; they are similar to those described 
or the distome, 


“Contrary to the opinion of Looss(1894:245,246), the writer has 
M without exception that the general trematode nerve anatomy 
an be traced in the early germ balls, and that the cercaria shows 
yt only the potentialities of the adult system, but actually all 
ue details of this system, Moreover, the study of various groups 
Bioercariae has demonstrated, that the fundamental deviations and 
odifications from type are recognizable in id mature cercaria, 
his study has shown, moreover, that the nervous system of the 
ercaria is constant for the group to which it belongs, and is 
definite basis for the natural classification of the groups. 
» In contrast to the highly developed nervous system found in 
he cercaria is that of the parthenita, In the sporocyst no 
efinite nerve complex is found, altho Looss(1892) has cbserved 
elements in miracidia of Amphistomum subclavatum, In the 
sdia, however, with the continued functioning of the highly 
uscular pharynx, there is a nerve complexpractically embracing 
he entire anterior portion of the gut (Fig. 125), Viewed from 
he dorsal, ventral or lateral aspect, the system presents an 
in surface view, It is resolvable into four anterior trunks, 
posterior trunks, and a ring commissure, On the dorsal side 
re two swellings, the rudiments of the cerebralganglion masses 
f the cercaria, The nerve cells of the system are very prominent, 
hey are usually bipolar or multipolar (Fig. 126), but, as might 


@ expected, the more superficial ones are more often the multi- 
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Oe 
This redia-nervous system constitutes a very primitive type, 

} which the nerve cells are much more frequently diffuse and 

ore discrete than in the systems in the cercarias, It is probable 
t the pharynx is responsible for keeping the system from total 
egeneration, 

_ The size, number and location of the ganglion célls vary ac- 
ording to individual species of cercariae, They may be situated 
ithin the ganglion centers, as in Ceroaria micropharynx (Fig.97) 
nd C, glandulosa (figs. 69,70); they may be scattered around the 
@nglia altho not imbedded in the fibers, In the redia of 


}.trisolenata the fibers are less conspicuous than the ganglion 


ells. Species closely related may have cells of different nun- 
Jers and different sizes. In C, micropharynx there are always 
just two ganglion cells, in akAed in the fibers, just above the 
esophagus, Their nuclei are larg¢, pyriform, and usually con= 
taining conspicuous refractory nucleoli, They measure 5.5m to 6u 
in short diameter by 8.5n to 9m in long diameter, The nucleoli 
are about 2u in diameter, Cercaria glantul oss. presents a case 
where there is a definite number of minute sanglion célls within 
the ganglion masses, There are fifteen cells in each of the two 
masses, The cell walls are not well defined, but the nuclei are 
readily distinguished, They measure in to 1.c in short diameter 
y 1.5u to 2u in long diameter. The ganglion cells of C. pellu- 
cida are numerous; it has not been ascertain whether thay are 
sonstant in number, They are subspherical at times, but are 
Benally multipolar, They average 3.3u by 6u for the entire 

cell, while the nuclei measure im to 1.6n. The cells of the redia 
of C. trisolenata are usually multipolar in the region of the 
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dermis, They range from 6p to 32m in diameter, The nuclei are 
sonstant in size, varying from 8n to 6u in diameter, The nuclei 
ganglion cells of C. gracillima are so minute in the 

sve complex in the germ balls (Fig. 151) that they are barely 
Bie "uhder 1000 magnification, Yet these nuclei are definitely 

| off from the surrounding matrix, They measure about 0.4u 
diameter, 

‘In cell-studies of adult trematodes the nerve cells have been 
sured in many cases, The measurements range from 8Qu in 
trodiscus polymastos (Lejtenyi, 1861:41) to 6u in Opisthotrema 
cleare (Fischer, 1884:17). The nuclei range from leu in Hemiurus 
cisus (Juel, 1889:41) to 1.6m in Opisthotrema cocleare (Fisher, 
fe.) A comparison of these measurements in adult trematodes 

sh those for the cercarias, shows that the nuclei of the adult 
sreariae are on the whole as large as those of the adult trematode 
‘is evident, however, that the cells as.a whole are much smaller 


1 the cercariae, Ageing for these cells consists, then, in the 


OW h of the cytoplasm rather than an increase in size of the 


cleus, 
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V. Description of the Agamic Trematodés 
of the Bitter Root Valley 
Montana 
On account of its geoligical and biological isolation it is 
ttle wonder that the Bitter Root Valley contributes new species 
The fourteen species of agamic trematodes found 


1 the Valley are not thot to comprise the entire trematode fauna 


Az 
> the the region, but are the representative species for the 


ar and séason when the study was made, Of the fourteen species 
yan¢ in the Bitter Root River, two are larval Monostomata, two 
6 Holostomata, and the remainingten are Distomata, In addition 
» these, an agamic Holostomata, Tetracotyle pipientis nov,spec., 
om the vicinity of Chicago Illinois, is included in the study 
rv the sake of comparison, 
‘There have been described previously from North America the 
llowing agamic trematodes: 
Monostomata 
Garoaric hyalocauda Haldemann 1842 
Glenocercaria lucania Leidy 1877 
Cercaria urbanensis Cort 1914 
Amphistomata 
Cercaria inhabilis Cort 1914 
Cercaria Giastropha Cort 1914 
Cercaria gorgonocéphala Ward 1915 
| Distomata 
Cercaria agilis Leidy 1858 
Rhopalocerca tardigrada Leidy 1858 


Gymnocephala asciodea Leidy 1877 
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Ceroaria platyura Leidy 1890 
| Cerearia reflexae Cort 1914 


f 


 Cerearia megalura Cort 1914 


Cercaria leptacantha Cort 1914 


Cercaria caryi Cort 1914 

Cercaria isocotylea Cort 1914 
 Cercaria brevicaeca Cort 1914 
Cercaria polyadena Cort 1914 


¢ 
47 


 Cercaria hemilophura Cort 1914 
Cercaria trigonura Cort 1914 


 Cercaria trivolvis Cort 1914 


. Ceéerearia rubra Cort 1914 
| Gercaria douthitti Cort 1914 
 Gercaria wrightii Ward 1916 
Cercaria anchoroides Ward 1916 
_—s Gercaria marcianae (Distomulum) La Rue 1917 


Cercaria vergrandis (Distomulum) La Rue 1917 


Holostomata 
_ Diplostomulum cuticula (¥, Nordmann 1832) 
Diplostomulum grande (Diesing 1850) | 
Diplostomulum volvens (v. Nordmann1&32) 
Tetracotyle typica (Diesing1858 ) 
Diplostomulun parvul.um (Stafford 1904) 
Cercariacum 
(ee helicis (Leidy 1847) Also recorded by Leidy 
as ©. vagans (1850) 
In addition, there is the doubtful form, Cercaria bilin- 


eata Haldemann 1840 
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According to Stiles and Hassall (1908:157) Leidy is credited 
th the record of a species, Diplostomulum rhachiaeum (Henle). 
festication of the literature shows this to be an error, owing 


confusion of the names Leidy and Leydig, Fr, Leydig des- 


the species D. rhachiaeum for EUrope in 1853 (Leydig,1853: 
Of the thirty-two forms listed, it is doubtful if any except 
ose describe: by Cort(1914), Ward (1916) and LaRue (1917) 

wld be recognized by their descriptions, since in the majority 
"Cases the data are so generalized or so indefinite as to leave 
he systematist a wide range of choice in determining the species, 
excellent example of this valueless type of description is 
‘forded in the form Diplostomulum cuticula (v.Nordmann 1833), 
sorted by four American investigators from various localities 
et of the Rocky Mountains, The descriptions include larvae 
\eysted with pigment and without it, some specimens found sub- 
srmally, others taken from the peritonewn of the body cavity, 
soured from a great variety of teleost fishes, In none of the 
ssoriptions is there mention of the course of the excretory 

stem or of the genital cell masses, both of which are essential 
» the exact determination of the species, It seems reasonably 
irtain that a careful revision of these forms described as Dip- 
ostomul ux cuticula(v.Nordmann) would in the discovery of several 
. species of Diplostomulun, 

The species of cercariae and agamic trematodes described in this 
ection of the paper have been studied with special reference to 
ne excretory, genital and nervous systems, 
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a Cercaria pellucida Faust 1917 


This ome ¥ of larval trematode is a relatively muscular cer- 
Et, characterized by heavy anterior pigmentation on the dor- 
Si eurface, centered around thres foci, the paired lateral eyée- 
and the median eye, This worm is, then, a member of the 
culate group of the Monostomata. The pigmentation tends to 
sead caudad from the pigment center along six lines of growth, 
xc dorsal, two lateral and two eee, These lines of pigment 
ee been shown (p. ) to be the superficial index of the under- 
fing nerve trunks, At a glance the observer notes 1) the pellu- 
ic appearance of the body, 2) the circuit of refractory granules 
tat mark the excretory system, 3) the small oral sucker, and 


) the large longitudinal muscle bundles of the tail. 


Gercaria pellucida was cbtained from Lymnaea proxima Lea in 


he Bitter Root River in the vicinity of Corvallis, Montana, and 
rom Physa gyrina Say near the Buckhouse Bridge. The snails were 
Ramined in October 1916. Lymnaea proxima contained a heavy in- 
ection wih this species, along with a lesser infection with the 
onostome cercaria, C. konadensis, and a distome larva, C. diaphana. 
he Physa was heavily infected with an echinostome, C, trisolenata, 
id contained only a light infection with the monostome, In all 
asses the infected organs were the liver céca. 

‘The cercaria when mature has an average measurement of O.4 mm, 
50.7 mm, in length and 0.18 mm, to .2 mm, in width, The tail is 
out 0.5 mm, long and has a diameter of 0.07 mm, at the base. 

ost usually the animal assumes an elliptical constricted outline, 


su has is shown in figure 4, but when relaxed it becomes elongate 


Liao. fT A=. cura.) Such te al eal 
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id or spatulate condition, show in figures 1 to 3, 
‘The parthenita is a large conspicuous redia, measuring 3.2 mm, 
0.5 mm, (Fig. 6). Within the redia is a large rhabdocoel gut 
tending almost the entire length of the animal and measuring 
3 mm, in cross section, The gut empties anteriad thru a muscular 
Ibus 15n in length and 12u in cross section, It is spinose in- 
fally (Fig. 20). In the prepharynx region is a unique piercing 
rgan (Fig. 17). This organ is probably of ectodermal origin, as 
termined by its location and structure. It is four-lobed and 
s covered With spines, A rythmic eversion of the organ against 
ie¢ host tissue and redrawal within the pharynx region of the 
jarthenita as the most characteristic movement of the redia, 
round the muscular pharynx is a ganglion mass consisting of a 
Pibrous matrix and a network of ganglion cells, Behind the head 
egion ds 2 neck-like constriction, and behind the neck is a saccu- 
late body, At the extreme posterior end is a large papilla, fThe 
redia is covered with a non-cellular tunica endogena, and imbedded 
In this superficially in the form of minute tuberosities are the 
ie ne of the epidermal muclei (Fig. 22). 
The walls of the redia are well -supplied with muscular layers, 
Longitudinal and transverse, so that the parthenita is capable of 
sxtraordonary distensien:.and contraction, altho it has no specific 
locomotor organs, 
The germ balls of thesredia arise from the matured partheno- 
genetic Ova, derived from four cells localized at the posterior 
extremity of the parthenita, Altho Sie cells lying next to the 
wall around this quartet may be potentially germ cells, they 
take no part in the ordinary proliferation of germ cells (Fig.28). 
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j these celle arise the germ balls, thru cleavage into 3,3 and 
@lls, after which certain cells of the ball appear much smaller 
m the others anf grow over the latter, giving rise to the gas- 

a by 6piboly. The young germ balls usually lie en masse 

nd the gut, while the more advanced cercariae are crouched 

rior, They appear strangely grotesque, with their pigment 

and their snout-like bodies oscillating back and forth under 
body wall of the parthenita, 


igide from the larger size of the body and the trioculate 


irdor end, Cercaria pellucida might be at first confused with 


a urbanensis Cort, While the size and eyé-spots are suf- 
cient to separate these i species, a more careful examination 
ws that there has not been a separation of two species at all, 
t more correctly two groups of species. The smaller species 

cup is bicculate and ranges around 0.5 mm, to 0.46 mm, in length 
0.1 mm, tO 0,16 mm, in width, while the larger species is tri- 
mate and averages around 0.5 mm, in length by 0.15 mm, to 0.2 
in width. Consegiently from a superficial description like . 
ere is no means for separating Glenocercaria lunania Leidy 


fom the Bitter Rott species Cercaria pellucida, It is such a 


fOblem as this that h as caused the writer to believe that there 
a | 


'e che acters more deeply seated in the larva that will readily 
t it off from others of the same group. 

‘Sufficient care in technic makes it possible to bring out 

ry clearly and Mg eee the genitalia of the Bitter Root 
pecies, Here are characters, constant both in the larva and the 
dult, These have becn described in detail in the section de- 


roted to morphology(p.69) and need only to be summarized at this 
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The median ovary just in front of the excretory bladder 
out thru a short duct at its left (Fig, 18), and after re- 
iving the common vitelline duct, opens anteriad into the uterus, 
Organ has an outlet just ibeHind: of the median eye, It ends 
a poorly developed vagina, No Laurer's canal has been definitely 
de out in the totas but there is evidence of such an organ in 
eotions, bude the sides and slightly caudad to the ovary tte 

ry massed testes open ito filiform efferentia which unite 
nterior to the ovary to form the vas déferens, This canal is 
tected forward parallel to the uterus, ending in a bulbous cirrus 
or h just to the left of the vagina, The threeppiréd outer vit- 


oy} 


tine follicular masses and the five paired inner masses occupy 
c 


a dorsal position. They are irregular in contour (Fig.4), with 


aciculate margins, and are finely granular with close massing of 


4 


_vitellaria with the ootype just dorsal to the ovary, 


he granules, Inconspucuous common vitelline ducts connect the 


The excretory trunks are similar to those of the entire group 
Df monostomes. The bladder is quite small, 48u in section, moder- 
.tely muscular, superficially triangular, with the excretory pore 
posterior, The excretory tube in the tail is vesicular at the 

ase and narrows down distad (Fig.4). The tubes of the trunk are 
erowded with large excretory granules. 

The digestive system is typically triclad, with ceca extending 
to the subdistal extremity, They are filled with a jell, and are 


- 
7 


efowded with granules imbedded in the jell. No pharynx has been 
4 
observed, The oral sucker is directed ventrad., It is small but 


powerful, | 
a The parenchyma is filled with cystogenous granules, including 
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the greater portion of the content of the one-celled glands, 
probably of mesodermal origin (Fig. 14). Between the cystogenous 
ar the angular parenchyma cells, more commonly known as vesicular 
@@lls (Blasenzellen), with processes extending to the integument 
eatpodeibly functioning in the capacity of secretory ducts for 
the tunica endogena, 
The locomotor organs at the posteriorangles of the trunk are 
n ither spiculate nor spinose. They possess no cement glands, 
The tail has no central pair of gland elements such as are found 
"in Dioculate cercariae of the monostome croup, However the or- 
Minary parenchyma cells of the tail of C. pellucida are remark- 
"ably large and vesicular and suggest a glandular function (Fig.19). 
‘Large isolated bands of transverse muscle fibers are present 
‘thruout the body just within the tunica endogena, Longitudinal 
“muscles are not so large in the trunk as are the transverse series, 
“but constitute the important muscle system of the tail, The trans- 
verse muscles of the tail frequently give a moniliform appearance 
to that organ, such as is described by Leidy for Glenocercaria 
Sania (1877). 
_ he nervous system of C. pellucida (Fig. 23) Varies from the 
distome nervous system only in tis relation to pigmentation and 
the eye-spots, There are six anterior trunks and six posterior 
trunks arising from a paired brain center, They constitute the 
dorsal, lateral and ventral nerve lines, These trunks are careé- 
fully followed by the melanoidin pigment fraction. The eye-spots 
receive innervation from the dorsal trunks; the paired eyes are 


innervated from the posterior trunks and the median eye from the 


fused branch of the anterior dorsales, The optic nerve runs for- 


= 
a 


vgs ~6TS SEE, one 


(a Rival dq 


> abe “ie pat 


sts. ay ivefeo |. am0 2 Aieg wey eae 
: x 


aber f vercl  .haories oh eae 


om ais yi9 : york ps toh 9® 8altecteny 


ebkdie '@ : ie LOST, ras PORE. eng 2 
+ ore Bele: Adetoes> Bias eit Te] 


te} ae od Cn, cue! I ~~ > . PAS Paekor ccs) ry z oa dous ‘ “ & 


foot wen (OE 49!) obtggs tee Oe 


* co: ykoo metage. 


a 
£ 


. fe oi =a¢ . ms wa ro 
‘ Dae pe Ae AAA AL fe ete 
“se Yoon ete fae editow? 13. term 1 Le: eee g7eGt) 


af #8 thrennes huge Lo Sebase ofate Othe gOS 2. ge 


’ i! ul 7 of 
5 Sh Se eat ; seats s S0EGe S80 ROY bag 


rs ae ot oe 


09a AM, pot a £05 BLOG ald it 
a COM kasd rae * vee alg. Lares ane Porte! " 


af Fas 
na? bs ie aye Agtaea wid om, vba. selzpieoy oe ” 


Mi / 


Riek. OW ie oth ee enR. naib bap se ohne ge 


1 Ok oe 
. “104~ 


wa. a from its origin in the dorsalis and enters the pigment cup 


above, ending in a sensory cell(Fig. 24), The general anat- 
: PS histology of this eye-spot is similar to that described 
ome Turbellaria and Monogenea, No previous account has been 


oy for the structure of the eye-spot of the Digenea which shows 


Be retasice to the central nervous system, 
Locomotion is brought about thru a cooperation of the body 
eculature togetherrwith the special functioning of the oral 


ee: and the posterior locomotor pockets, The tail serves as a 


aA 


mm ing Organ, with a peculiarly rapid and nervous lashing, 
Encystment occurs as a final step in thelarval stage of the 


Life-history of the gametic generation, in preparation for entering 


_ 


the definiteve host. The process is rapid and the mucoid cyst is 
x 


secreted by the cystogenous glands before the tail has been thrown 
Ef This organ is freed from the cyst by the violent wriggling 
hich it produces, The cyst is spherical; it encloses the now 
Biecoent larva, The outer portion of the cyst is an opaque 
mucoid, which gives the cyst an appearance of a white grain, about 


the size of a pin-head, The larva now awaits transfer to the de- 


finitive host, 
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Cercaria konadensis Faust 1917 


_ Gercaria knoadensis is a species of monostome cercaria of the 
oct ate type. The species is more graceful than C, pellucida, 

3 bodily Gontour is most usually spatulate, while the long tail 
laches out far behind, The small amount of pigmentation around 

he two eye-spots and the less usual pigmentation along the nerve 
runks Caudad serve to indicate the superficial differences between 
he bioculate group to which this form belongs and the trioculate 

4 Cercaria konadensis was found in Lymnaea proxima Lea, collected 
POM the Bitter Root River at Corvallis Montana in October 1916, 

+ occurred as an infection along with the larger species, C. pel- 
ucida; 31.3 per cent of the snails examined were infected with 

h s cercaria in the connective tissue between the liver ceca, The 
ercaria measures 0.4 mm. to 0.46 mm, in length and has a bodily 
ridth Of 0.1 mm. to 0.16 mm. (Fig. 25). The tail is of equal length 
nder conditions of relaxation, but may be extended so as to exceed 
W far the bodily length. At its base it has a transverse diameter 
of 30n to 4Qu. The posterior locomotor organs are not so conspic= 
lously lateral as those of ¢. pellucida(Fig.4). Considered in con- 
lection with the younger stage of C. pellucida (Fig. 12), these 
ockets Suggest an origin from the caudal pockets found in certain 
istome cercariae, Unlike those of C. pellucida the posterior 
ocomotor pockets of C. konadensis are provided with about ten 

land cells surrounding the lumen, cells probably of a secretory 
ature. (Fig.21). 

Ft the parthenita (Fig. 25) is a relatively small, elongate redia, 
7? mm, in length and 0.35 mm, in transverse section near the middle. 


[t is attenuately cbtruncate, with the posterior end sloping down 
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, blunt point. The pharynx is muscular but small, 60u in cross 


ion, aspinose internally (Fig. 31). The rhabdocoel gut extends 
triad about three-fifthe the way. The posterior end is filled 
sells, composed of a central rachis with apex directed posteriad, 
n outer cell complex of goblet cells (Fig, 30). The central 
3 comprises the germinal epithelium, the proliferating region 
hich is situated subterminally, From this epithelial mass the 


* 


parthenogenetic eggs are proliferated forward so 


i 


hat the 
‘alls come to lie in the lumen posterior to the gut. Similarly 
those in C. pellucida, only the maturing pareeeraa come to lie 
the gut. 

“The excretory system of C. konadensis consists of the circuitous 
nk systen, opening posteriorly into a non-muscular vesicular 
ider. This vesicle measures 16u to 17u in width and 14u to l5u 
ng the longitudinal axis of the cercaria, The excretory pore 
dorsal, Opening from the middle of the bladder (Fig. Bo). 

‘The digestive system is of the usual triclad type, with no 
tinct pharyngeal region, 

“The genitelie are notocotylid in character, but different in 
@ral features from those of C. pellucida. The ovary (Fig.28) 
Bkull-cap shaped, with a distinct ares 's canal, A short oviduct 
is into the ootype; after its junction with the vitelline ducts, 
| common tube, the uterus, runs cephalad, ending in a swollen 

sine some distance behind the line joining the paired eye-spots, 

> vitellaria consist of a double series of five inner and three 

r follicular masses, The individual glands are very diffuse, 
ndritic. | 
_ The testes are small, lateral and posterior to the ovary, with 
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B® efferentia describing a broad crescent anteriad around the 


¢ 


"amd meeting in a common tube, the vas deferens, which runs 
; 


, to the left and parallel to the uterus, 
. ‘ 


oy? 2 » <4 
pou ole (Fig. 35) . 
ef , 


It ends in a swollen 


4 perous system corresponds to the monostome type described 
08 . 


PSllucida, except that the dorsal trunk to the median pig- 
ye-spot is lacking. 


Bese te six paired groups of gland celis, derived from par- 
B, Occupy places just lateral to the median canal of the 
SS ee 

kat alate group dove-tailing into the one next prox- 
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i3 Te...) 


icystment is brought about by the pouring out of the contents 
Boe © 


€ cystogenous cells and subsequent decaudation, 
Se iu); - 3 
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Holostomata 


Cercaria flabelliformis Faust 1917 


“Cercaria flabelliformis is the first larval holostomid to be 
eribed in detail for North America, Leidy has listed Jetracotyle 
ica Diesing from Lymnaea catascopium and Physa heterostropha 
» and Rettger (1897) has mentioned the larval tetracotyle 


ae 
"5 


connection with a life-history study, but he has failed to 

ntify the species. 

 Cercaria flabelliformis was found in three collections of 

ysa gyrina Say , taken from the Bitter Root River in the vicinity 


Corvallis Montana in October 1916, Practically every snail 

fom these collections bore evidence of infection with the parthenite 
this species, altho only 14.7 percent of the snails examined con- 
Bined the tetracotyle, The mature cercaria has a length of 0.48 mi. 
© 0.56 mm., and a width of 0.44 mm, It is about 0.2 mm, thick, 

nile the anterior end is not clearly set off from the posterior 

id as is wsual in holostomids, it does have the suctorial cup 

hich includes all the ventral suctorial apparatus, including 

mong thé rest the lateral suctorial grooves. In the ypung larva 
hese lateral organs are discoidal (Fig, 41); in the mature tetra- 
tyle they have become modified ante lateral lappets (Fig.40). 

a The larva is found in three conditions, It may be maturing in 
he redia; it may be free in the liver interstices; or it may be 
1cysted in the liver interstices, It is seldom found free in the 
issues, 

the parthenita (Fig. 42) is a redia which measures Ge, Sani an 
length by 0,053 mm, in transverse section, The head is set off 


Tom the trunk by a collar prominence, while in the posterior third 
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wthe body are found the "walking feet", which protrude ventro- 


erad and support the redia, The posterior end of the body is 


ied into a large knob, in which are parenchyma and germinal epi- 
fcoells, At the oral end is a wide muscular organ, It is not 
@ar whether it is a pharynx or an oral sucker, It is about 
; trans—section and surrounds the fore-end of a gut 0.16 mn, 
ig. On the ventral side are two groups of salivary glands, six 
lls to each group, opening into the anterior region of the gut 
ni a commen duct for seach group (Fig. 43). Around the anterior 
ad of the gut, just behind the muscular organ, is a nerve complex 
ig. 48), differentiated into two ganglion masses on the dorsal 
ie, fOur nerve trunks, and a circumintestinal commissure. A 
| th=pore is located ventral and slightly sinistral, The wall of 
.¢ perthenita is heavily covered with an integument of non-cel- 
ilar material, beneath which are muscle and parenchyma elements. 
mning thru the parenchyma is a complex diamond pattern excretory 
stem, 
| The germinal epithelium is localized at the posterior end of 
6 redia, It offers an unusually fine opportunity for study of 
= maturation of the parthenogenetic ova, The detailed descrip- 
lon of this maturation is found in thdsection on morphology, p.d0d, 
The germ balls may differentiate into daughter redias and 
reariae at the same time, These larvae are about equal in size 
they develop, but the cercariae differentiate much more rapidly 
an do the rediae so that the two are readily distinguished. 
ually only three or four cercariae are found developing at one 
ime in the redia, along with many daughter redia, This fact 


to indicate that the animals have come to depend largely on 
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mic propagation, The cercariae escapt thru the birth-pore and 
on encyst in the free tissue of the host, The daughter redia is 
eady producing germ balls before it comes to take up a free 


moe outside the mother redia, 


‘The internal systems of organs of Cercaria flabelliformis are 


“considerable interest. However, since they are described in 
1 in the respective sections in the morphology division of 
fis paper (pp.57, 71,92) they will not be treated here, 

Valuable comaprative data on holostomid anatomy are found by 
comparison of Cercaria flabelliformis with 

is, Tetracotyle pipientis nov. spec, 
_ This species of larrval trematode was found in the mesentery 
d pericardium of a large mumber of Rana pipiens collected in the 
cinity Of Chicago Illinois in March 1917, All of the frogs were 
ime or less infected with this hclostome, The infection consisted 
* creamy Oval yellow cysts, either single or in vitiform clumps, 
ach cyst consisted of many lamellae, and innermost, a tough cyst 
mbrane, The inner membrane stains a deep brown with iodine in 
0 per cent ethyl alcohol, The gross measurement of the cyst ranges 
0.5 mm. to 0.76 mm. in lesser diameter and 0.7 mm, to 1,0 mm, 

1 greater diameter, while the inner membrane is about 0.3 mm. by 
s5 mm, Within the inner membrane is the larva, tightly coiled 
f one end of the cavity, while the remainder of the cyst, often 
go-thirds of the volume, is filled with accumulations of large 
Kcretory granules, Some of these granules have fused to form 
ingle clumps as large as the larva, 

When the lamellae and cyst membrane are teased open and the 


srva is allowed to work its way out, the body becomes expanded 
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flattened, It then measures 0.5 um, inlength by 0.37 mm, in 
i@—section (Fig. 47). The oral sucker is 75u in diameter, Itlies 
n anterior cone of the hody, Antero-lateral prominences and the 
fb posterior portion of the body give a lyrate outline to the 

. The acetabulum, 80u in diameter, lies in a plane where the an- 
or and posterior portions of the body join, just within the euc- 
ial pocket. The free vemtral wall of this pocket is often folded 
baie 60 that it fits down snugly ageinst the body, At other times 
Bulges Out so that the pocket cavity is a large ovoid atrium, A 
Bee A appet is Situated behind the acetabulum, The non-muscular 
sessory Suctorial srooves consist of long narrow slits, directed 
iquely inward toward the acetabulum, There is no trace of a 
ineter in the region of the primitive genital pore, indicating 
omplete atrophy of this organ accompanying the formation of a 

jond genital pore at the posterior margin of the body. The entire 
m is covered with minute spines,’ equally prominent anterior and 
terior, The acetabulum is crowned with a ring of fused spines, 

: lateral Ssuctorial organs are surrounded by a hand of discrete 
nes imbedded in the tissues, 

‘the worms examined were all filled with excretory granules, A 
efu: Study of the larva showed the main course of the excretory 
ake to appear as shown in figure 48, The median posterior. excre- — 
Y pore, slightly dorsal, communicates with the bladder which 

ges imperceptibly with the paired lateral trunks. These tubes 

» just within the margins of the larva and unite with one another 
Bitar x6 transverse vessel at the anterior end of the body, so 

ta complete circuit is formed, If a rent is produced in the body 


ir the oral sucker, it is customary for the excretory granules to 
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poured out there rather than thru the natural channel. A tube 
om the Wwtiera. trunks crosses thru the ventral pocket wall at its 
terior end, Tributary tubules, bisymmetrically arranged, empty 

0 the main trunks, mostly at the anterior and posterior margins 
the body, 

‘The digestive tract is simple and inconspicuous, A small swel- 
ng within the oral sucker marks the pharynx, just behind which 
; the esophagus, The ceca barely clasp the anterior margin of the 
; es 

“the genital organs are readily recognized as the holostome type 
: 47). They open posteriad. A small spherical ovary lies med- 
n, Dorsal to this is the ootype, into which come the short ovi-~ 
ast and the transverse vitelline ducts, The vitellaria are diffuse 
nds of large follicles extending from the anterior face of the 
fetabulum to the posterior margin of the genital pouch, They lie 
erictly ventral. Two large oval testes lie to the sides of the 

¥, the one (t-) slightly anterior to the other (t7). ° They 

we individual ducts (efferentia) which reach the genital pouch 

a fuse into a common vas deferens just before entering the geni- 
m@ pouch, This pouch is muscular, oval in contour, with the trans- 
18 diameter longer than the romeivudinen:, 

A Survey of the literature shows that only one tetracotyle has 
ser reported for Amphibia, Tetracotyle cyrstalliina (Rud.), from 

je mesentery cysts in Rana temporaria, R. esculanta, Bufo ipgneus, 
. vitidis, and Vipera berus (Rudolphi, 1819:380-382). The for- 


Sion of the cysts is not clearly described, but the larger size 


f the Huropean tetracotyle, together with its oval contour, aspin- 


Be cody and oval accessory sucking discs, clearly separates it 
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om Tetracot 2@ pipientis, The new species conforms much more tp 


e type represented by Tf. colubri v,Linstow, but differs from it 


the relative sizes of the oral and ventral suckers, the absence 
the primitive genital pore, and the possession of small spines 
| ober the body instead of a few broad spines (Linstow;1877:193; 
g. 22). 
enile the excretory system is one of the best systems of organs 
use in systematic work with trematode larvac, in the absence of 
ch data for other tetracotyle described, the data actually afford- 
are sufficient in this case to justify the establishment of 
stracot de pipientis as a distinct species, 
Observations on the anatomy of Tetracotyle pipientis afford an 
portunity for comparison with Cercaria flabeliiformis, the par- 
site of the Bitter Root mollusc, Physa gyrina, 
“The two larvae are about equal in length, but C, flabelliformis 
3 consiierably the wider, The widewt region in T. pipientis is 
n the anterior region of the body; the widest portion of C. flab- 
iiiformis is in the middie of the body. The suctorial poeket in 
1 former Species has grown over the ventral surface so that a 
Bue pocket is formed with the opening anterior; in the latter 
ecies the suctorial pocket is hemispherical with the opening ven- 
al. The lateral accessory suctorial grooves in T, pipientis 
© Non-muscular oblique slits; in C. flabelliformis they are at 
@st oval depressions which are modified later into a pair of 
tteral lappets, The primitive genital pore in C. flabelliformis 
§ rudimentary; in T. pipicsntis it is entirely lacking. One recog- 
izes the homologies between the lateral excretory trunks of the 


"0 species, altho the median transversetrunk is most anterior in 
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pipientis than in CC, flabelliformis, The tributary tubules are 
ire y different in the two speciscs., The digestive ceca of the 
z Root species Gonform to the family type in extending well 
he posterior part of the body; those of T. pipientis are 
t and rudimentary. The genitalia of the two species occupy the 
@ Telative position, altho individual variatione of size and 
e are evident. 
In concluding the study of the tetracotyle larvae, enphasis must 
placed on the study of the maturation of the parthenogenetic 


my! 
end the data which show that the larvae do not develop into 


cacidia, without the interc@lation of parthenitae as (Brandes, 


91: 572) maintains. This fact, previously recorded by the writer 


917), makes the morphological evidence complete in support of 
€ view of true alternations of gametic and agamic generations 
ong Holostomata, 
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Cercaria ptychocheilus Faust 1917 

‘This Diplostomulum is characterized by an elongate ovate out- 
ne, dorso-ventral flattening, with Slight ventral concavity, and 
More or less distinct separation of body into anterior and pos- 
rior portions, In addition the group to which this worm belongs 
ok the lateral auxiliary sucking grooves which are characteris- 
ic of the tetracotyle forms, Several species of Diplostomulum 
lave been well described and their excretory system beautifully 

@d by v. Nordmann (1832). Thses include the species D. vol- 
ms, D. cuticula, D. clavatum, and D. brevicaudatum. Of the forms 
‘ound in North America there have been recorded D. ehiicnt at D. 
olvens, and D, grande of the Old World species, and D. parvulum 
‘Stafford) ,new to Morth America, However, as has been previously 
uggested, none of these American records give sufficient data 

0 accurately distinzuish the species, 

' The general outline of the body of Cercaria ptychocheilus is 
uch as to distinguish it readily from the described species, 
sroadly oblong ovoid in perio. with the anterior half laminate 
and the posterior portion fleshy, Cercaria might at first be 
Onfused with distome cercéariae, Such a confusion is caused, 
‘urther, by the abbreviated aneentieetats portion of the larva, 
hich, on extension into a caudal cone, may reach one-third of 

he body length, but on contraction barelt protrudes behind the 
nterior part of the body, The concavity of the anterior part 

® found only in the fleshy region behind the acetabulum. Here 

n this area is found the muscular complex comparable to the cup- 
haped suctorial apparatus of the tetracotyle, 


| The Diplostomulum (Fig. 49) measures 0.48 mm, to 0,63 mm, in 
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Meth by 0.17 mm, to 0.37 mm, in width, and about 30 thick in the 
Seny portion of the body. The oral sucker is small but powerful, 


fis direoted strictly anteriad, Behind this oral region the 


8S is enlarged into the pharynx,about 40u in section, 


ind the pharynx is an equal portion of the esophagus which is 


> mecular, posterior to which the ceca rise, spreading out in 


) a broad furculun, 


The acetabulum is large and circular; it is situated somewhat 


oO to the middle of the body. At times of extreme contract- 


8, +. ° “ ° 
moithesacetabulum becomes narrowed antero-posteriad, with a trans- 


Tse wrinkling. This disc measures 70u in diameter, The primi- 


ive genital pore, Situated just in front of the acetabulum, has 


§6t its connection with the genital system and has become modified 


nto a@ muscular sucking disc, 


| The excretory, gential and vervous systems have been treated on 


B90, 12,92, as types for the hemistome larva. Advantage has been 


aken of v. Nordmann's observations on Diplostomulum cuticula, 


h volvens, and D. clavatum, and of Blanchard's work on Hemistomum 


latun (Goeéze) (Blanchard,1S47), to show the fundamental cunfor- 


ities and differences of the excretory systems of the group, 


fhe nervous system (Fig. 53) is worked out in this paper for the 


© 


Mizet time in the Holostomata, The genitalia bear a fundamental 


Ly : 
esemblance to those of the adult species, as described by Brandes 


(1891), but differ in size, shape and position of the respective 


Wrgans. This difference may be accounted for in part by the im- 


laturity of some of the organs, but there are undoubtedly specific 


lifferences, such ac the lamellae of muscular nature in the gen- 


ital pouch and the glandular cells emptying into the pouch, 
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‘ertheless, when all of the factors have been considered, the 
st striking feature of the larva is the abbreviated appendiculate 


tion, 


The larva Cércaria ptychocheilus was taken from mesentery cysts 
“tychooheilus oregonensis Richardson, caught in the bitter 

if River in April 1915 in the vicinity of Stevensville and 
a Montana. Thousands of cysts were found. The cysts are 

ch larce: than the larvae (Fics. 50,51), and are filled with 
oa milky fluid which bathes the larva and serves as a liquid 
shion, The cyst is oblong, and flattened, It is composed of 
thin, tough membrane, and it is attached to the mesentery by 
Sdiscoid amnulus in the middle of one of the flattened sidés, 

thin the cyst the worm works around and grows, so that it comes 
(f1121 the cyst in later life, At frequent intervals there is 
uded from the excretory bladder a considerable quantity of 
peoles which pile up at the posterior end of the larva within 

a cyst, but are soon dissolved and absorbed by the fluid medium, 
eae encysted animal when placed in a normal saline solution 

2 incresses its activity and bursts the spas. This rent usually 
sours at one end of the membrane, The larva then crawls out 

i a "measuring worm movement", After several hours of activity 
t settles down on the bcttom of the container and remains quies- 
nt, altho slight mechanical disturbances activate it again, 

n a modified Ringer's solution ninety per cent of these larvae 
ere Kept alive for forty-signt hours. 

It seems probable that Cercaria ptychocheilus is in its inter- 


'e 
‘ediate host, 
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Distomata 


Xiphidiocercariae (Stylet Larvae) 
The xiphidiocercariae are grouped together because of their 


ig@eion in common of a larval stylet. The writer believes 


Mthere are more fundamental characters which will hold the 


“Ogether, namely the features of the genital and excretory 


‘ 
OL) 


Cercaria crenata Faust 1917 


Srceria crenata is a delicate larva, with an ovate bodily 


i) 


line and B short lancedlate tail (Fig. 55). The body msasure 


mum, in length by 0.13 mm. in width, and the tail, 0,15 mm, 
0616 um, inlength by 20u to 3Qu at the base, The entire body, 


@enpetne tail,is covered with minute hair-like spines, Inserted 


She dorsal wall of the oral hood lies a large median spine, the 


fOrgan (Figs. 56,57). This organ is about 3Qu long by Su 


Iwidth at its base, It has the general shaps of a quill pen, 


th reinforcements at ite base and also in the distal portion 


Ward the acute point, The distal third of the stylet is bent 


ey) 


firad for about 60 degrees, There are two prominences in the 


ferior portion of the organ, one where the shaft joins the quill 


1 a less prominent one half-way between this point and the quill 


bo pea 
é 
{ 


) The oral sucker is relatively large, 20u in diameter, while the 


@tabulum, situated three-fifths the way from the anterior end, 


asures just half that diameter, The tail is inserted in the 
sterior caudal pocket which has no spinous projections, 
| Gercaria crenata was found in large numbers in 13.6 per cent 


naea proxima Lea, taken from the Springs at Fort Missoula 
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otober 1916. It occure in oval sporocyst sace, 0,5 mm, in 


h and 0.25 mm, in diameter, at one end of which is localized 


— 
S- me 

“hr 
A 


- germinal epithelium, and from which the parthenogenetic ova 
proliferated, Only cerecariae have been found to develop with- 
the sporocysts. 
When the cercarie is mature it breaks thru the wall of the spor- 
and swims thru the surrounding medium, The tail is retained 
‘a considerable time, and encystment is slow, This seems to 
dicate a considerable period of free-swimming life. 
The internal structure of Crecaria crenata is such as to dis- 
inguish it readily from the other stylet cercariac, 
The excretory system is characterized posteriorly by a sub- 
Sherical vesicle, deeply crenate.’ It measures S0u long and 5Qu 
ae. ‘Anterior to the bladder a bicornuate trunk empties into 
he vesicle thru a common median tube, The horns of the U are 
dely separated, At the place where each main lateral turns 
7 we a there is given off a small dendritic tubule, directed 
eteriad, Some diatance shead of the acetabulum the main lateral 
“unk divides into inner and outer tubés, each of which has @ num~ 
sr of dendritions and capillaries anterior, The main tube of 
he tail is median, with no prominent tublues. 
"The digestive system consists of an esophagus provided with a 
harynx for most of its way, anc behind the pharynx, 4 typical 
urculum extending to the posterior plane of the acetabulum, 
“The salivary-mucin glandsin C. crenata are of a unique typs. 


In outer series of eight small vesicular cells, with a common 


duct system into the oral pocket, corresponds to the usual sali- 


‘ 
vary-mucin gland system of the cercariae, These glancs are read= 
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; made out in the living worm,dAn inner series of five cells, two 
“which are just behind the pharynx and three behind the acetabu- 
ss thru a common duct system into the oral pocket, This 
les is not seen in the living larva, but in stained specimens 
ce ls of this series show small vesicular nuclei with deeply 
dining cytoplasm and numerous chromophilic granules, This 

ler series probably consists of a type of salivary gland dif- 
ent histologically and sugessts a correspondingly different 

Th genital cell masses are prominent and are well differentia- 
; early in development. Their structure and position are in- 
cated in figure 59, Posterior to the acetabulum and median 

sche Ovary,; to the anterior and left lies Laurer's canal, 

f6 uterus is characterized by a double coil, which ends in a 
lerate sized vagina, just anterior to the acetabulum, The vit- 
1 mia are extremely limited in amount and distribution, Three 

: jie in a transverse plane just posterior to the ovary 

i meet the oviduct at the ootype, The large flask-shaped testes 
¢ behind the ovary, This system of genitalia suggests the 
eiorchiinae arrangement. The distribution of vitellaria are 
milar to those éacainad by Poirier for Plaglorehis sauromates 
886:p1.2), 
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Cercaria glandulosa Faust 1917, 


te 


NA Stylet cercaria characterized by a multiplicity of glands 


| recéived the name of Cercaria glandulosa, It is somewhat lar- 
¥ 
sthan ©, crenata, is more Oblong ovate, and is a much more 


s larva (Fig. 60). The body measures 0.45 mm, inlength and 


7 


wmm, in width. The tail is slightly shorter than the body, 0,35 
= 


mam Jength, by 50u to 60u in section at the base, The tail is 
$ within the caudal pocket, This pocket is provided with a pair 


pi 
mLOcomotor grooves, in which are set a number of stiff spines, 


ow the insertion of the tail is a small happet (Fig. 63), 


ovided with three spines directed posteriad, A muccid secretion 


present in the sinuses of the pocket, lateral to the base of 


s tail, 


The stylet organ measures 39u in length by 5u in width at the 


g8 Of the shank. It is reinforced all thru, but especially at 


ae A. 

fe base of the shank, and thruout the quill. The point of the 
u 1 

ylet is blunt. The stylet, as well as the entire body,is very 
:, 


licate, and is shattered by the slightest pressure of the cover 
¥ i 


ip. The oral sucker is directer downward; it measures S6u in 


ameter, while the acetabulum, in the middle of the ventral side, 


} emaller,with a diameter of 64u, 


The cercaria was found in the liver tissues of Physa gyrina Say 


on the Bitter Root River in the vicinity of Hamilton Montana 


m October 1916. Forty per cent of the physas examined were in- 


ieted with the parasite, The cercaria develops within a very 


imple sporocyst, which has a length of 0.34 mm, anda width of 


si? mm, (Fig. 67), The wall of the sporocyst is delicate, con- 


sisting of a single layer of very thin epidermal cells, with no 
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nica endogena and no muscular complement, The genital ant entten 
Mrocalized at one end, and from this a few cercariae are develop- 
sat cone time, 
the excretory system of Cercaria clandulos® presents some inter- 
Gang features, The bladder is flattened, truncate, and is sub- 
rminal instead of terminal, A narrow Canal communicates with 
Miitoretory pore which is median posterior, The four angles 
fe bladder aré muscular, When the bladder is emptied these corners 
'e close together, so that the cavity of the bladder is small, 
hen by the exoansion of the bladder this organ is filled from the 
runks (Figs. 64,65). Two vesicular cornua empty into the bladder, 
ach cornu is directed laterad and slightly anteriad,; it soon 
onstricts to form the lateral tube, The common tube divides 
ion to form the posterior tubule and the anterior tube, The 
mterior vessel divides in the region of the acetabulum to form 
. trifurcate system. Just behind the region of this division there 


ee. , 
® a small vesicular swelling where granules of the system accumu-. 


late, The excretory system in the tail consists of the common medi- 


+ 
! 


an vessel and several tributaries, 


_ The digestive system is characterized by an abumdance of glands,, 
§0 that the entire tract is surrounded with gland cells. A small 


4 i 


pharynx surrounds the esophagus near the anterior end of the tube. 
he esophagus extends to the preacetabular region, at which place it 
ytrke to form short furcae which barely clasp the anterior end of 
fie acetabulum, Along this entire course there are many gland cells 
in Clusters, but especially abundant in the pharynx region, Their 
relation to the pharynx and nerve panglia is shown in figure 76, 


The individual px oe. cell is ovate, with a short neck, The cyto- 
plasm is eee jlous. There is no recognizable duct-connection 
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imu thé myoblasts of the pharynx. The nuclei of these celle are 


and studded with granules. 
Im contrast to the grape-like clusters of gland cells surround- 
g the entire digestive tract are the right and left paired gland 
. 6 Of the salivary-mucin type, They consist of nine large cells 
) each group, usually situated in the acetabular region, but cap- 
ble of extension, so that they may lie as far caudad as the bladder 
mB. 62). Figures 73 and 74 show sections passing thru the anter- 
Murtip of the excretory vesicle. In each of these a right and a 
Set gland is visible. In these glands not only is the nucleus 
Panular, but the cytoplasm is densely granular, the sranules being 
Smembled in little clumps. Frequently (Fig. 73) there are vacu- 
les within the cytoplasm. 
The genitalia are represented by cell masses which show clearly 
he location of the mature organs, but as yet show little differen- 
lation (Fig. 66). Ovary, Laurer's canal, vagina, uterus,- all 
Be recognized in the midacetabular region, with vitelline folli- 
les extending from the oral aperture to the posterior end, They 


me divided into anterior and posterior portions, No testes are yet 


0 be found, The genitalia as a whole indicate Plagiorchid relat- 
onship, | 

q Conspicuous thruout the body are the large bundles of longitudi- 
a. muscle fibers, They are scattered thruout the parenchyma 

+ the anterior end (Fig, 72), while they are much larger and 


Ore concentrated laterad in the region of the acetabulum, Still 


further caudad they become fewer and less conspicuous{Fig. 74). 
The rervous system has been described in detail on p.85., 


_ This cerearia lives a free-swimming existence for only a short 
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When placed in a watch-glass in tap water, it soon drops its 

E preparatory to encystment, The tail is helpful in locomotion, 

er decaudation this species is more active and able to cover 
ably more ground than most other species with the aid of 
tail, This movement is due in no small measure to the spines 


he locomotor grooves of the caudal pockets, After moving about 


ba little while the cercaria settles down and pours out an abun- 


c 8 of slime within which it coils up and becomes quiescent wtil 


bransfer to the new host is effected, 
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Ceroaria diaphana Faust 1917 
 Gercaria diaphana is closely related to C, glandulosa, lhen 
ioted, it is broadly ovate (Fig. 78), but on extension it 


an elongate ovoid contour (Fig,76). The measurement of the 


Swnen at rest is 0.3 mm. to 0.86 mm. in length by 0,1 mn, to 


memm, in width. Under pressure of a cover slip the internal 


are beautifully worked out and the delicate mist of the pa- 


nehyma in which they are imbedded suggests the term "diaphanous", 


feeteail is broadly lanceolate, 0.15 mm, in length by 0.04 mm, at 


c tase. It is inserted into a cavdal pocket provided with spinose 


fomotor pocket erooves, The spines are few in number (§ to 10) 


nd well developed. They are directed meso-caudad., As in C, gland- 


s0sa the two sinuses of the introverted pocket are thickened by a 


scoid lamination, The acetabulum is situated in the middle of the 


ntral side; it has a diameter of about 3en,. The larger and more 


Owertwl Oral sucker has a diaméter of 44u, The stylet organ (Fig. 
7) is a delicate but firm quill of 39 length and Su width at the 
fee Of the shank, It is entirely without any reinforcement in 


i region of the shank hyt has thin ventral plates at the junction 


f the shank and quill, while inserted in the quill point, directed 


Meteriad, is a minute spine, 5m long and O.5u in diameter, 


" Gerearia diaphana was found in the liver tissues of Lymnaea 


Oxima in the Bltter Root River near Corvallis in October 1915, 
= 


fe infection was heavy. The cercaria develops in an oblong 


porocyst (Fig.79), frequently drawn out or contorted at one end 


Fig. 80). The unique feature of the sporocyst is, that the germin- 
1 epithelium is not localized, and cOnsequently germ balis may he 


ferived from any portion of the body, It is a matter of consider- 
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e importance yet to be determined, whether or not the germ cells 


iL 


se parthenogenetically. This type of germ ball production re- 
sents & structural simplicity previously not recorded for the 
ocyst. 
© excretory system differs from that of other stylet cercariae 


a 


in the shape of the bladder and of the essential tubes, 
WRladder is small, heavily muscular, flattened antero-posteriad, 
ding Out from it in a median plane is a non-muscular shank of 
e length, which Opens into two cornua some distance in fromt of 
e bladder, Caudad these cornua are vesicular, but further 
ad they become constricted into a system of tubules similar 
, those Of C. glandulosa, tubules which run thru the body to col- 
st the excretory wastes, 
/ Thedigestive system consists of a long esophagus, with pharynx 
i the anterior end, and a wide bifurcation somewhat antcrior to 
Bcetabulum, The entire digestive tract is very attenuate in 
gtline. It is not supplied with glands thruout its entire entent 
at nas @n even more abundant supply than C, glandulosa in the 
Bion Of the pharynx (Fig. 76). Altho the pharynx ; 
nly 15u in cross section, the glandular area 
"Sphere 65u in diameter. The rest of the trac 
MO ieture, the salivary-nucin glands are situated in 
he upper outer reaches of oe fureae, Each group consists of eight 
@lls, relatively very small, granular, with a common duct system 
pening into the oral pocket. 
| The genitalia are similar to those of C, glandulosa (Fig.78). 
They differ from the genital cell masses of that form in the more 


Dimited vitellaria, and the more conspicuous Laurer's canal, This 
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,. #187~ 
nis probably a Plagiorchid larva, 

nlike 0, glandulosa this cercaria is slow to drop its tail and 
“slower tO encyst, in spite of the fact thet there is an equally 
; © of posterior locomotor pockets with spines ani an equally 
ios ¥ Of cystogenous material. We have here, then, evidence 

| physiclogical adaptation to different conditions of ths envir- 
ee where the structure of the two types would lead one to ex- 


eager.» . 
; Similar habits and reactions, 
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Cercéria dendritica Faust 1917 
eerie dendritica is a species of cercariae readily recognized 


large muscular pha? 


“ 


obovate structure, its large suckers, its 
Mand its large muscular excretory vesicle, The body as a whole 
M@vaiy Muscular, The tail is short and almost conical (Fig.81). 


body measures 0.35 mm, to 0.4 mm, in length by 0.13 mm, to 0.17 
° 

in width, The tail is about half the body length, 0.16 mm, and 
Bo te 

04 mm. wide at the base, It is inserted into a typical caudal 

ket, the woole Gavity of which is lined with stiff spines, The 

ge oral Gnd ventral suckers are nearly equal in size, The for- 

has @ diameter of 68u and the latter of 60Qu, The stylet (Figs. 

Meets short and stout, heavily reinforced at the shank, with 

lat Beeword Guill, The guill is pointed at the tip. It is dir- 


gress me 


bed ventral ventrad by about ten de 
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2 stylet has a Length of 444 and a breadth at the base of the 
ank of 14, 


2 
Mercaria dendritica was secured from two collsctions of Lymnaca 


—t 


4 


oxima taken from the chara Sloughs at Fort Missoula in October 
16, The infection was in the liver interstices. The parthenita 
igs. 87-89) is a well developed sporocyst, with an attachment 

So, but without any indication of a digestive tract, It seems 
‘approach a redia more nearly in its structure than any other des- 
ribed Sporocyst, The sporocyst is muscular and heavily coverad 

th integument, The parthenogenetic eggs develop from a germinal 
ithelium Situated at the antipodalsend from the disc, The stages 
cleavage are Clearly made out from the study of the germ cells 

r¢ iferating from the germinal epithelium (Fig.89), This layer 


3 closely pressed against the epidermis. As the cells mature they 


-_ 
Nt 
we he 
ie 
- * ~ 
, 
tae * ~ , 
” 4 
C: oi 3 
- o— 
~ - ti 
. 
a * 
t 
+ ~ 
aa B) 
# # ' 
& 2, bd 
:. ae 
Js "ie 
“ 
* S . 
vf 
4 : 
a + 
ws 4 i 
= TS at. 
¢ a 
S = . 
t wt eae 
2 + 
4 - 
iy eee oe 
fe 
a tp 
: iy ae 
- an Lue he 
oe 
: 
a a — ki 
v as & o 
} ? Os 
a ae Clee 
e ~ i: zs r 
eh We ae he + 
. aa % ng 
4 Set erect 4 = 


ee ba * ase revs iS bee Z 


ae i 
. » , te or Ge te + - 7 4 
oly Ae ee te OSS ER bt) 
~ “ 7 . ; ~ 
J 7 ne, ao AOE Le > or tte ie 2} yi 
i at? aL Y a 
- ~ G 4 
r i.) ASL gia off ee 
Fi Pa a 
. i. “ 
7 eo e 
(a SOs UIcr ASE 1 SUES 
: avn oe 
a. F ¥ > gabe ory ie 


a * ~~ a * ee aw 


i : ¥ rea Ti at iter 
" < a y 2, ve t aS te 
be 4 . a ¥ -7a% 
vs i ie tact 
= > one ‘Se Ge 
a a Se i. a 
‘ rf - 
: ree | 
ea 
‘ a) 
~ - e 4 ~~ mA 
i F | 1 a, is < ‘ Masahd & 
SB aT Det 7 ; tee goiv ise 
om f a 3 rs = r' a ~_ 2. eo 
} cee 3 ii tocd. C22 ext 
€ - “4s aan asi 
_ |} 
ty iw .tegeouree Sequlevep Bee) eee 
MALS WV Aes a ; bimeleeg Vie 
: Ax pricey s : ae Ta 
p Rls bred § 4's & s - ee ey San atse% s 
=i gl ‘ re * 


ise: 
oa act ate 

fabouissa oe 2a sstaintie'g 
6 basis eter £0 ete 
lant any oi roe gs 


= AF o> 


+4 GOK o. tere Saat 


NOE idee : 


a0 se ane cose Weed dora 


+B emai aN Sie tea 


i i 1 


-159- 
norease in size, The increase continues thruout the cleavage, ao 
hat a three-cell stage is larger than a one-cell stage, and a mor- 
a is larger than a five-cell stage, This continued growth of 
he embryo is accounted for by the environment of the germ ball 
noe it is lying in a medium of nourishment which bathes the spor- 
° St. This is a special case of ovovivipary, where the crowth 
timu ts is reacted to immediately. The germ ball attains a 
Msiderable size before it begins to differentiate, altho epiboly 
as occurred soon after the morulae stage has been reached, fhe 
imal is mature before it breaks thru the wall of thesporocyst 

Swims out into the inter-cecal spaces, 
> The larva has an interesting excretory system (Fig. 81). An 
immense spheroid bladder, somewhat crenate, opens dorso-posteriad 
ru a small pore, Anterior it receives the contents of two large 
mugcular cornua thru a common opening, These cornua extend laterad 
Go the extreme margin of the animal. At the outside of each, at 
the margin of the worm, arise three tubes, one directed posteriad 
and an inner and outer one each directed anteriad, The capillaries 
are brush-like, The caudal tube is a median canal without any 
Brominent tubules, 

The alimentary system consists of a pharynx sphincter of fibrous 
structure early in the development of the worm, It has a width of 
30. and a length in section of 36u. A short, attenuate esophagus 
Opens postcriad into two vestigial furcae, Anterior and lateral 
TO the acetabulum are the salivary-mucin glands, eight to each grouy 


Whey are moderately large (Fig. 85), and empty thru common duct 


Systems into the oral pocket, 


The conspicuous features of the genitalia(Fig. 86) are the large 
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wollen vagina, and the prominent Laurer's canal, the latter ex- 
nding out on the left side of the acetabulum under its posterior 
argin, In the mid-area, just behind the acetabulum, are two small 
riform téstes, The vitelline glands extend from the extreme 

te ior margin of the worm to the extreme posterior end; they 

re attenuate, Sparcely branching serpentine chords, composed of 
long anterior and a short posterior portion, The vitelline ducts 
un in from the postero-lateral regions to the ootype, which is 
ust anterior to the testes, This type is also suggestive of 
agiorchid relationships, 

_ Soon after the cercaria is set free into the water, it drops 

ts tail. Almost before the observer is aware it secretes a thin 
enbrane from the abundance of cystogenous material contained in 
the large cyst cells which pack the parenchyma of the worm, The 
Dva cyst with the worn coiled up inside fe aeead in figure 84, 
This type of cyst offers only a temporary lodgement for the cer- 
caria, and it is evident that the worm must reach the definitive 


host soon if the infection is to be successful, 
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Cercaria micropharynx Faust 1917, 


O« Garia micropharynx is a minute larva of the xiphidiocercaria 


up , Oval in contour, with emall clavate tail (Fig.93), The body 


Neovered with minute spinesarranged in diemond pattern, progress- 


ly less prominenttoward the caudal end, The spines are probably 


istent characters of the adult as well as of the larva, since the 


¢ 


tire trunk is well supplied with these spines while the tail is 


ied, The body measures 0.18 mm. in length and 0.09 mm, in width. 


me tail ie 0,14 mm, long and 0.03 mm, at the base, It is inserted 


tO @ caudal pocket provided with a group of spines on the lateral 


F 


ppets ventral to the tail, The oral sucker is large for the 


odily Size, 55u in diameter, while the acetabulum is slightly 


feller, 3Qu in diameter. Inserted in the hood of the oral sucker 


S the stylet organ (Figs. 91,93), 34u ling and 5u to 6u in breadth 


(ong the shaft, ‘The organ is reinforced all around and has a velum 


retched across the ventral surface of the quill. 


_ The cercaria was secured from the infected liver tissues of 


large number of Lymnaea proxima, taken from ths Rattlesnake 


reek, Missoula, in November 1916. The cercarise develop in oval 


rregular sporocysts, measuring 0.24 mm, along the long axis and 


p18 mm, along the short axis{Fig. 94), The body wall of the spor- 


cyst consists of a single layer of epidermal cells, between which 


re found numerous excretory granules, lying in irregular grooved 


thannels, There is no localization of the germinal epithelium, so 


hat germ balls arise from all portions of the body wall and, 


hen mature, break out into the body lumen, Not only do the cercar- 


ae develop to maturity in the sporocyst, but in some cases they 


mop their tails and encyst in the sporocyst (Fig. 95). This must 
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interpreted to mean that the larval host, the snail, is the food 
the Gefinitive host, since no free-living stage is commonly 
na, In case the cercaria is pressed out of the sporocyst before 
yetment, it swims about for a very brief period, then drops the 
il and encysts, 
The excretory system consists of a subspherical vesicle and 
b2Ows—shaped cornua, which open into the vesicle thru a common 
linder, The three usual tubes of the excretory system are present, 
e single posterior and the two anterior ones, The tail tube is 
ngle, median, with a few inconspicuous lateral tributaries, The 
wa are-filled with excretory fluids; they are lined with cells 
rig. 98). 
“The digestive system coénsists of the very minute pharynx in the 
di-region of the esophagus, and two vesicular furcase considerably 
merior to the acetabulum, Wo glands occur in the pharynx or furcal 
sgions, but in the prepharynx region, just within the oral aperture, 
3 a band of about fifty goblet celis of a glandular nature, The 
livary-—mucin glands are found at the sides of the acetabulum, 
Ley consist of eight cells for each group. They are relatively 
arge, vesicular, and have common ducts opening into the oral pocket, 


» barge muscle elements are scattered thruout the parenchyma, in 


Idition to the usual transverse and longitudinal systems just with- 


‘gy - 
the integument (Fig. 97,98), 


»the genitalia (Fig. 96) consist of a prominent vagina, a well 
Bfined Laurer's canal, and a group of massed organs in the vicinity 


E the ootype. There are, in addition, the yolk follicles, distrib- 


A 


bed over a wide range of the dorsal side of the animal. The folli- 


les are closely massed together, This species suggests, too, the 


la 


giorchid genital system, 
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Cercaria racemosa Faust 1917 


Saria racemosa belongs to that group of stylet cercariae 

ily designated as cercariae ornatae, by virtue of their possess- 
| @ fin-fold structure to the tail. While this separation 

be concomitant with a deeper, more fundamental difference of 
eae 1s Well to bear in mind that fin-folds occur in other 

up 4 a6 in the monostome, Cercaria lophocerea (Filippi, 1857: 

ae 3), the echinostome larva, Cercaria echinatoides Fil. (La Val- 
y: 1855: Tat.i,C), and the fureocercous larva, Cercaria cristata 
Valette, 1855: Taf.1I,K), It may be looked on as a modification 
the caudal Organ for swimming, 

The body of Gercaria racemosa is elongate ovoid, measuring 0.29 
in Dength by 0.11 mm, in width (Fig. 100). It is characteristi- 
ly broadest just ahead of the See uabi The tail consists of 
Sentral lanceolate region and a lateral ruffled fringe, which is 
Biiconspicuous at the distel end. The tail measures 0.23 mm, in 
ngth and O.04 mm, in width at the base, It is inserted into the 
Merior extremity of the trunk, attho there are no lateral sinuses 
¢ @ found here, The acetabulum is slightly caudal to the middle 
the body. It measures 26u in diameter, while the larger oral 
oker has a diameter of 36u. The ak cream (Figs, 101,102) 


It is 2% long 


P ade 


Sdelicately attenuate, with a reinforced tip 
i@ about 5u wide at the base. 


“he species was found in the liver of Lymnaea proxima in the chara/ 


ee 
s] 


ughs of the Bitter Root River at Fort Missouja in October 1915. 
| occurred as a minor infection along with C, dendritica and ¢, 
pacillima, The parthenita a an irregular polygonal sporocyst 
out 0.65 mm, long and 0.38 mm, thick (Figs, 104, 105). 
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ttach the 
porcoyst to the host, This is done by the exudation of a mucus, 
the antipodal end is the germinal epithelium, from which germ 
lis arise, Only a few cercariae aeveloe within the sporocyst at 
y one time, | 
The bladder of the excretory system is truncate, with a common 
| ar vessel leaiing into it from the anterior end, Lining the 
icle at the anterior end are six gland cells paired right and 
sft. They appear as small tuberoules Suspended from the anterior 

oll of the vesicle. Anterior to the median vessel are two cornua, 

longate, yet swollen, reaching antero-laterad around the acétabulum 

the acetabulum there are received the common posterior and the 
© anterior tubules, The patterm of the capillaries is racemose, 

Ihe tail trunk system consists of a common median veseat with many 

ateral tubules, The entire_systen is filled with minute excretory 

sranules, 

7 The digestive system consists of a very long esophagus, near the 
nterior end of which is the small sphincter, and from the poster- 
or end of which the furcae arise, They extend around the acetab- 

um, The Salivary-mucin glands consist of right and left paired 

sroups of cells, eight to the group, with long dects leading in a 

‘ommon bundle to the oral pocket, 
| In the region of the cerebral ganglion a pair of oval bodies, 

she non=pigmented eye-spots are located. They are a case of 

iegenerate eyes similar to those described for Cercaria pracillima 

im. 91), 


The genital cell masses are found in the region of the acetabulum 


(Figs. 104, 107), To the left is Laurer's canal, and running dex- 
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pelaterad is the closely coiled uterus, The genital pore is on 


Pright of the mid-ventral line, anterior to the acetabulum, Run- 
ig into the ootype from the postero-lateral angles are the vitel- 
} ducts, connecting the vitellaria with the ootype. The testes 
not well defined, The exact relationship of the cercaria is 

evident, fron the genital cell masses, 

Cys togenous G6ll glands are present, altho not as conspicuous 
in ¢. glandulosa or C. micropharynx. Encysthent takes place 
jer a considerable period of free-swimming life. Decaudation 
rays precedes encystment. The cyst wall is thin; the animal is 


sily viewed thru the cyst. 
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Echinostome Cercariae 


Cercaria trisolenata Faust 1917 


Seroaria trisolenata represents a unique type of echinostome 


wa (Fig. 109), It is more attenuate than the average species 


this family, and, among the larvae of the family, has an unusual- 


hort tail, The body has an average length of 0.45 mm, and a 
” 
me at the preacetabular region of 0.1 mm, The tail is about 0.2 


, long, lanceolate, and measures 0,03 mm, at the base, An anter- 


region of the trunk, measuring 0.06 mm, along the median line, 


M@etitutes the head region, behind which is a neck-like constrict- 


Mm. There is a collar of 36 spines along the margin of the head, 


rra. ged in a Single irregular series (Figs, 110,111). These spines 


fe bluntly rounded at the base and taper to a rounded point at the 


tetel end, They are from 12u to 14u in length, The body as a 


ole is usually covered with minute spines, The acetabulum is 


pset with an irregular arrangement of crooked spines (Fig. 112), 


he Oral sucker is small but powerful, 3S dn diameter, The acetab 


gum, situated behind the nid-plane of the body, measures 42u, 


These cercariae, together with Cercaria praciliima, are the 


Ost cosmopolitan species of the Bitter Root River. They occur 


M Physa gyrina from the upper and lower reaches of the Valley, 


nd in Planorbis trivolvis from the region of the Buckhouse 


Tidge, The infection of the host os always heavy, both as relates 


0 numbers of individuals infected and the number of parasites in 


the individual host. The per cent of infection ranges from 22 to 


100, The parasite is located primarily in the interstices of the 


liver, but frequently invades the cecal walls and does great in- 


jury to the tissues, 
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{ 
Whe ceércaria develops in a redia of well marked characters 


wm 117). It measures about 1.0 mm, in length and has a mid-diam- 


P of 0.33 mm, and a gross width of 0.35 mm, across the region 


Tocomotor feet. A small powerful pharynx at the enterior 


Spens into the rhabdocoel gut which fills the greater part of 


‘body Cavity, extending almost to the posterior extremity, 


le at the posterior end is the germinal epithelium, From this 


fer develop the parthenogenetic ova, which grow into cercarias, 


g first Character of the germ ball to become differentiated 


Perficially is the oral sucker (See series fo stages in figure 


* 
my, Later the tail and the acetabulum become marked off, and 


mally the oral hood, 


The Céphalic end of the excretory system is most striking, and 


®, up to this time, no counterpart among described echinostome 


rcarias, At the posterior end a small, non-muscular, truncate 


ladder is situated. It opens anteriad into two simple unbranched 


ubes, These can be traced cephalad inside the intestinal ceca 


P the head of the worm, Here, lateral to the pharynx, a triangular 


Bannel—-system is found, From the antérior angle a small capillary 


ads Dack to a single flame cell. From each of the other two 


igles a small capillary leads pack to a flame cell, This consti- 


ates the trisolenate system at the anterior terminus of the ex- 


Petory tract, The tail excretory tube is a single median structure 


ma has no laterals or terminal outlet. This fact necessitates 
- . 


revision of the scheme proposed by Cort (1915: 37), in which this 


Titer characterizes the excretory system of echinostome cercariasc 


WOopeming on s6ach side of the anterior part of the tail". It 


leems from the present investigation that the three flame cells 
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n the anterior part of the trunk may be a more reasonable criterion 
x distinguishing the excretory system of this group, Further 
“es | 


on other forms must be done before this can be definitely 
ie : 
opos ed, 


Exoretory granules fill the lateral excretory trunks from the 
ai 


ryax region as far caudad as the acetabulum, 


The digestive system is simple. It consists of a long esophagus, 
ay 


ith a very emall pharynx sphincter about in its middle, and two 
a long furcae, extending to the sub-caudal region, 

Ethe genital cell masses are yet very immature, There are four 
el masses present, one on the upper right of the acetabulum 
Fig. 130), the vagina; one behind the acetabulum (Fig. 131), the 
OT 

ae and two tandem masees in front of the bladder (Fig. 130), 
he testes, In the vicinity of the ovary are numerous vitelline 
follicles, but they’ have not been found to follow any det Finite 
attern, 

| “the nervous system of this species has been made th ¢ basis of 
the discussion on page , and needs no further consideration here, 
‘The musculature is almost all parietal, except forithe walls 


’ the inteetinal tract. Parietal and splanchnic muscles are sim- 
ast in Pisicture. The former consist of external aransverse 
internal longitudinal bundles, while the latter consist cof exter- 
@l longitudinal and internal transverse fiber s (Figs, 118,119). 
ach fiber can be traced to a myoblast, the central figure of which 
the large oval nucleus, with karyosome and radiating processes, 
so feat the whole figure appears stellate, There are several 
fibers originating from each myoblast; they always run along @ 


gincte axis, The longitudinal muscles of the tail are prominent. 


Male ArT ty Sai, 
ES, cy Gay 1 70 HeReee ETA st eee, ale 


bap ti: “U YoU GaGa. @aoeo eal bp ¢) +sumd 


ns 
ms a 
gab, cefatuns ictoted eat LO f f 
ef Sue ha BES ees es Va i 
mn. 2 2 286] | a 4 SL LS v4 oop) 
Mae eNGle ett mh esta nbc oatie xuite tease £ 
Mieet Balwacetiew “5 Okie J 

~ bp | ee ' aay) 2 oy. S34 86 ; ifse 
a 


ehh urge cigar 


** 


SELERUO AT os oka 92 Saag as , 
Sale eon <3 nh ee sie | (Oba Al Ste , 
e> [une Geib iee osc lrtakal os pale 
1, owt) Ga aa 
ieguy ide edt ectde otha Lamon 
, VE Ly oh) eee ae te eek 4 MTL OPE fst 
Y tke c. 2 TAOL (dai eV PmLiOve wa oP toca dt, 
?) at NE) ee Mav esas oflK | «S40 Sui zeros 


weve deem ta ert tore Role, oumlse fod 
pL Ro Mee oe cov pt > 4 Gaels Oil aoe8 


pit Sey Ee Beis e 1 Aa Jeane 


i Ls 
pay : ie ug 


— ss. Leth yam 
: ee | a 7, | 


b _ 


-138- 


a err 


he body is filled with a parenchyma complex, consisting of un- 
fferentiated cells, connective tissue fibers, and cystogenocus 

Bad cells. In the tail of an immature cercaria (Fig,133), there 

B partition of parenchyma cells, separating the caudal excretory 
nals into right and left tubules, This condition disappears as 

| imal matures, altho vestiges of these cells may be found in 

6 mature cercaria, 

‘The cystogenous cells are differentiated parenchyma cells, filled 
ith a mucoid in the form of oval granules, In the ordinary cyst- 
enous cell ie. 113), the granules are agbout iu by 0;6u in 
sotion, There is a central nucleus to each of these celis, with 
Rei-y defined membrane separating it from the cytoplasm, It is con 
Geucus because of its large number of chromatic granules, composed 
f elongate flecks. These flecks are also present in considerable 
mibers thruout the cytoplasm; they are especially massed against 
he celi<walls. The glands are best developed in the middle of the 
Gy (Fig. 109, sections bb and dd), As might be expected in a spe 


@s with such well developed cystogenous glands, the cyst wali is 


eavy (Fig.115,A-C). In crawling over the surface of any object 


le mature cercaria squeezes off the tail by a constriction of the 


osterior transverse muscles. A final jerk of the tailifrees it 


rom the body. Immediately the cystogenous glands pour out a mucus 


round the contracting worm, so that at first an oval cyst is form- 
tline 


if 


Later, as it hardens, it assumes a more spherical ou 
(Fig.116). Thru this cyst membrane the excretory and digestive 
r spines are readily distinguished. 


systems of the body and the oclla 


The cysts are so well walled and so numerous that they suggest 4 


yonsiderable period of wintering over, 
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Cercaria biflexa Faust 1917 


Gercaria biflexa belongs to the type of echinostome cercariae 
lstinguished by a smooth bodily outline, a long powerful tail, 

mt oral hood spines and a reflexed excretory tube, The excre- 
(ry system worked out by Looss (1894:fig.191 c) for Distomum echin- 
atu approaches the system in this species, but siffers from it in 
ni details, 

_ The body of Cercaria biflexa is elongate ovoid, with a slight 
onstriction just behind the oral hood({Figs. 134,135). Both the 
dy and the tail are extraordinarily muscular, The body measures 
45 mm. to 0.5 mm. in length and 0.13 mm, to 0,15 mm, in width, 
The tail is at least as long as the body or slightly longer, Its 
width is about 0.05 mm. at the base, The oral sucker has a diam- 
@ter of 55u and the wentral sucker, situate. at the beginning of 
the posterior third of the body, measures 65 in diameter, Around 
the Oral hood is a circlet of collar spines, 45 in number, ovoid 
Bien gate, bluntly rounded at both ends, with a length of 1Qu to 1l5p 
and @ thickness of 3u. 

| The parthenita is a redi@ with a length measurement of 0.4 mm. 
and a thickness of 0.088 mm. (Fig.137). The locomotor feet are 
short, blunt processes in the posterior third of the body, and have 
2 gross span of 0.1 mm, In contrast to the large gut-pouch cf Cer- 
Caria trisolenata parthenitae, the rediae of this specics have 
short inconspicuous rhabdocoel guts, only 0.1 mm, in length. One- 
third of this is occupied by the pharynx, The body wall is covered 
with a thick integument, within which is a heavy muscular layer. 

At the posterior end are a number of amall spinous projections 


(Fig. 141). At this posterior end is the germinal epithelium, 
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noticeable feature of the cleaving ova is their flattened con- 
tion (Fig. 141). Stages in maturation and cleavage are seen in 


figure and may be compared with similar stages of maturation 


@ development in C. trisolenata (Fig. 140). The cercariae, when 


ature, escape thru the birth-pore situated ventro-laterad, 


A promonent excretory system 4s found in this cercaria (Frig.135). 


The vesicle is a cylindrical organ inflated posteriorly, It is 


+ muscular to any marked degree. Tubular cornua empty into the 


iterior end of the bladder. As these cornua are traced forward 


lateral tributaries are found to empty into them at regular inter- 


fals. In the region of the pharynx tthe tubes become attenuated 
and flex twice upon themselves (Fig.138). The detailed description 


this anterior end of the system of Cercaria biflexa is founda in 


] é section on morphology (p.63). It may be noted here that there 


are three flane cells along the course of the ultimate tubule of 


the system, and that these seem comparable to the three flame 


ells found in this system in ©. trisolenata, The excretory tube 


in the tail is a single median tube for about two-fifths of the way 


distad, at which point it forks and continues double the remainder 


of the way distad, with numerous cross-anastciicsés. It does not 
Open to the outside either on the sides or end, 
The digestive system consists of an extremely long esophagus, 


extending all the way to the acetabulum; furcae which end at the 


saudad end of the animal; and salivary-mucin glands, developed to 


@ very high degree, These latter consist of an inner and an outer 


Series of right and left groups (Fig.134). There are from fifty to 
sixty cells in each group, in oblong clusters, with a common duct 


anterior to each series leading cephalad, The two ducts of each 
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ide fuse to form a single lateral duct which leads into the oral 
Jocket. These glands are different, then, from the majority of 
Bein glands in being differentiated into inner and outer series, 

® condition is similar in part to that in Cercaria crenata 

( ig. 55), in which species there ie also a double series of glands 
ach side of the esophagus. But in this case the glands of the 
inner and outer serics are not different in structure or seeming 
Pune tion as in C. crenata. Here, too, the ducts are not composéd of 
B bundle of separate ducts, as is found in C.warcianae(La Rue, 
$817:5), but consist of @ single common duct for the entire group 

of gland cells, 

) The genital system is much further advanced in this species than 
in ¢. trisolenata(Fic.139). Behind the acetabulum is the ovary, 
fron witch @ uterus leads around the acetabulum, ending in the 
oreacetabular region in a swollen vagina. Only the transverse 
ducts of the vitelline system are differentiated, Behind these are 
the two testes, Gheduat in’ size, one above the other. 

* The encystment of Cercaria biflexa is similar to that of 0. 
trisolenata. It depends on the secretion of mucoids from a large 
Mumber of cystcgenous glands in the parenchyma, The physiological 
differentiation between encystment in the two species is found 

in the different time and place of éncystment, The mature Cercaria 
risolenata encysts only after it has escaped from the liver tis- 
Sues Of the host. The mature C. biflexa encysts within the host, 
immediately upon breaking thru the birth-pore of the redia, Thus 
section of Planorbis trivolvis liver tissue shows the interstices 
of the liver ceca filled with encysted cercariae, which continue to 


grow and differentiate within the primary host (Fig.159). 
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Cercaria pracillima Faust 1917 
"Gercaria gracillima is a furcocercous cercaria more slender than 
Ose previously described. This species, together with C. tuber- 
bis (p. 146), constitute the second furcocercous cercariae to 

S described for North America, the first being C. douthitti 


(1915:50-52; figs. 55-64). In addition to the forked-tail 


laracter of these three species, they possess in common no pharynx, 


id have paired salivary-mucin glands leading into the oral pocket, 
omposed of four cells to each group. The "syelet" excretory anas- 
brosis, connecting the excretory system of the body and the tail, 

8 also a common character, 

' Gercaria gracillima has an oblong cylindrical body (Fig,142), 

he branched portion of the tail is elongate lanceolate, The body 
pength varies from 0.13 mm. to 0.16 mm, and the diameter of the worm 
mries from 0.02 ma. to 0.03 mm. The unbranched portion of the tail 
1s about 0.16 mm, long and the caudal rami are of equal length, 
The former is 0.02 mm, to 0.03 mm, in diameter and the latter has 
2 width of 0.01 mm, The trunk is characterized further by the ab- 
jence of a true oral disc, and in its place has an invertuble sucker. 
A ventral sucker, 14 in diameter, varies in location, according to 
fhe movements of the animal, from the middle of the ventral side to 

2 poétion considerably farther forward, The cephalic region is 
Ovately rounded when the ee is fully distended and is crowned 

ly a cap of small spines, A feature of this cercaria, in common 
Mth that of C. douthitti, is the possession of eye-spots (Figs. 144, 
150). But the eye-spots of ©. pracillima are the more vestigial, for 
they have ne pigment, | 


This species was found in the livers of Physa gyrina Say , col- 


Mow 


S67 30 at 
aa 


tele. yoda etabte 


{ 
' ' Hy wes fore, ee f e } ee 
; | ‘ 
ee ce beeen van Lease ee th Laue sett. atetiy 
, ; ‘ ray 
y - 4 , - a ‘ " 5 
Toumeeo Al .loawcelet lo 1200) Ae eee 
- u Lia ,6 - : 7 
ie 7 
, 7S , se : at, i ay 
ea) é FRR AE ae OURS E GOS RL Bey bese gy ae 7 
ae iPee ele ee 
; j + " ‘ ’ 7 nt Pie oS 
: oT Oe Oe q a yatr bh pak 4 ws sa CME ee hot ™ pte . 25 of og heat . i. C q 
y ce er 6 es ee 
_ t. i 3 . hy 
) . >< ee ue “ é ‘ 
) sre i Seem 

; oN d i int Ment be wi 7 
cL) eee ce, eee ag. Re ah ae 
4 re) x * a 

Perea 


elle naiehan hee oF Aaron se=e pee 
TF 8 


Te os wld Wey he fee 7 


ee: ew ME 


nl in os 
ected from the lower reaches of the Bitter Root River near Maclay 
Bridge, Buckhouse Bridge, and the sloughs at the Roadhouse, In 
mdadition it was found in the livere of Lymnaea proxima Lea from the 
Rattlesnake Creek, Missoula, The infection in most cases was not 
“exceedingly heavy, but in the collection from the sloughs at the 
Roadhouse, thirty-three out of seventy-one individuals were infected 
or 46.5 per cent, 

' The cercariae develop in long cylindrical sporocysts, varying 

mm length from 0,25 um, to 0,1 mm., but most frequantly averaging 
about O.5 mm, (Figs, 146,147), In diameter the sporocysts vary 

f Om 0.5 mm. to 0.4 mm. The parthenita is a simple structure, non- 
‘muscular, depending on the daughter cercariae for tis movement, 

‘At one end (Fig. 147) is a non-museular attachment area; at the 
other end, merely a rounded non-differentiated cap, The germinal 
Hepithelium is localized at the attachment end, From this mass the 
daughter worms develop, Internal pressure from the developing lar- 
vae increases the length and diameter of the of the parthenita, 
Min development (Fig. 148), the ovoid germ ball first differentiates 
a tail portion; later the rami appear, It is not till considerably 
later that the acetabulum is found, The oral spines appear only 
waen the larva is mature, 

"The movement of the cercaria is characteristic for the furco- 
cercariae, The main movement consists in a very strenuous beating 
Bnd lashing of the rami, so that the head is pushed into the 

object with which it comes in contact. In case the head is not for- 
ced into the object, the worm is set free by a backward movement 


Of the tail and the entire worm squirms around until it comes in 


contact with another cbject, when the same boring movement is again 
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sttempted, The oral end of the cercaria is much better adapted to 


this type of invasion of the tissues to be infected than if it 
possessed an oral disc, 

% The excretory system of C, gracillima is embryologically a sin- 
‘gle paired system for both body and tail. As development and dif- 
ferentiation of parts progress the tubes in the posterior extremity 


sof the trunk and the anterior region of the tail fuse, to forma 


q 


median bladder and the common tube of the proximal region of the 
tail, There remains the baifurcate.portion in the laterals of the 
trunk and the rami of the tail, and in addition, the “eyelet an- 
Mastomosis", This eyelet structure has been cbhserved by Looss 
for Cercaria vivax Sons. (1896:178-174; pl.15), and by Cort for 
c. @@uenieti (1915: fig. 57). 
The excretory system in the body consists of two lateral tubes 
that diverge from the bladder and can be traced forward, together 
With dendritic tubules and capillaries, the internal ones of which 
‘frequently form chiasmic anastomoses across the median plane of 
the body, Slightly posterior to the middle of the body the lateral 
tube expands and opens into a pocket provided with cilia (Fig.145). 
These cilia come from a flame cell bordering on the lumen of the 
lateral tube, A second pocket somewhat anterior is an atrium into 
which many of the capillaries empty; it is filled with small excre- 
tory. granules, in this way acting as a secondary reservoir, 

The digestive system of C. gracillima consists of an unbranched 
ssophague without @ pharynx sphincter, a pair of short furcae ex- 
tending anteriad around the acetabulum, and a ring of gland cells 


in the region of the esophagus where the pharynx might be expected, 


Opening into ‘the oral atrium thru common bundl<s of ducts are the 
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Livary-mucin glands (Fig, 144). These glands are very large with 
doular nuclei, They are situated in the posterior third of the 
| In cross section the ducts are similar to those described 
Gort for C. douthitti (1915: figs, 59-62), 
The nervous system has been discussed on p.91., 
‘The genital @ell masses in the cercaria are hermaphroditic(Fig, 
). Anterior to the acetabulum are the vagina and the cirrus pouc 
8, and lateral, extending both anteriad and posteriad, are the 
elline follicles. In the posterior extremity is a conical 
minal mass, from which are proliferated anteriad a number of 


di testicular follicles. 
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Cercaria tuberistoma Faust 1917 
This species of cercaria is shorter and much more muscular than 
‘G. gracillima, The body is elongate ovoid, with the anterior end 


slightly constricted and crowned with a pair of tuberosities, 


(Fig. 155), The bodily length is about 0.6 mm, and the width 0,05 


Mmm, to 0.06 mm. The tail measures about 0.33 mm, as a whol¢, 


@qually divided into common portion and rami, There is no oral 
suctorial disc, but instead the oral invertible sucker, The acet- 
abulum measures 0,03 mm, in diameter, 

| The cercaria was secured from a single light infection of Physa 


rina eollected in the Bitter Root River at Corvallis M°ntana in 


v7 


October 1916. Out of nineteen snails examined only one was infected 
Only a few cercariae were secured, and these were studied as live 
mounts, From this study the excretory, digestive and general 


bodiby features were worked out. 


The cercaria develops ina sporocyst, elongate, dumb-bell shaped, 
lr spreading out at one end to form an attachment disc (Figs.157, 


258). At the end opposite the attachment organ the cercariae 


arise from the maturation of the germinal epithelium, They escape 


thru a rent in the wall of the sporocyst, Stages in development 


(Fig.153,A-2) are similar to those described for C. gracillima 
(Fig.143). On the whole the embryos of this species are stouter, 
The excretory system has the features common to all furcocercar- 


jae. The bladder and the eyelet are muscular (Fig.,155), The later- 


tubes are of small diameter, with anterior and posterior tubulés. 


f 


fo anastomoses take place in the cercariae of this species, The 


median tail tube receives six lateral tributaries, the anterior- 


Host of which is reflexed, The rami have each an unbranched tubule, 
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The cephalic region is marked by a large invertible sucker, ex~- 
ending thru the anterior third of the body, The intestinal ceca 


ten d around the acetabulum, No glands surround the esophague as 


‘distinct ring, altho the entire esophageal tube lining is glandu- 


ee DASe e. Fout small salivary-mucin glands are situated in 
he posterior third of the body (Fig.155), Their ducts empty 
eparately into the oral cavity. The cells of this system are fil- 
ed with closely aggregated, deeply staining granules, fhe nucleus 
the selivary-mucin gland cell is extremely small. 

‘this species possesses neither pigment eye nor eye-spot without 
ome nt ‘ 


) Encystment has not been observed in this species, 
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VI, Pathology 
In any case of internal parasitism the infection suggests an 
_ inquiry as to the effects of the parasite on the host, The in- 
jury on the human subject produced by trematode infections has 
been the subject of numerous observations and records, Notable 
among these are the contributions of Looss(1913) on Schistosoma 
haematobium, Katsurada (1914) on Schistosoma japonicum, and 
“Ward (1909) on Fasciolopsis spp. Again, the effect of trematodes 
on their host has been the subject of considerable study in fish 
infection, on account of the economic importance of the problem, 
But where the special incentives to the problem have been lacking, 
very little study has been made on the pathological significance 
_ of trematode infection, 
The helminth parasite causes a two-fold injury to the host, 
“mechanical and chemical. The inclusion of parasites within the 
' Organs of the host is the occasion for distension of the organs 
and consequent irritation, the piercing by the armature of the worm 
an actual mechanical injury, These injuries are accompanied by 
the formation of fibromata within the organs and usually attempts 
to isolate the parasite by the secretion of a cyst around it, as 
Pin schistosomiasis (Bovaird and Cecil, 1914; 191). In the ordi- 
“nary infection a toxin is secreted by the parasite, and frequently 
an anti-thrombin and a hemolysin are produced, Such injuries 
as these in higher animals may be diagnosed by the blood-picture, 
where excessive hemocytolysis and eosinophilia are found, 
| The infected organs of the molluscan hosts of the Bitter 


Root Valley are the liver ceca, Altho these lie next to the 


testes, the worms have never been found to invade these organs, 
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mas (1883; 114) found that the cercariae of Fasciola hepatica 
dve normally in the pulmonary chamber of the snail Lymnaea 
Tunculata. Cort (1915) found the infected organs of the Campolems 
, the gills, but in other species, the liver tissues were the 
of the infection, 

a The liver ceca consist of polygonal lymphocytoidal cells 
rouped around the lumina of the ceca, with an epithelial lining 
urrounding the ceca, Among the ceca are large interstices filled 
rith lymph, These inter-cecal spaces are the places where the 
worne are first found, suggesting invasion thru the blood stream, 
Tm light infections, the parthenitae lie here, absorbing the nour- 
ishment from the surrounding liquid in which the worm is bathed, 
The only mechanical injury up to the time of the activity of the 
Sercariae is caused by the agitation of the developing larvae 
mcysted within the host. But in the case on heavy infection, 
especially where the larva does not encyst within the host, where 
t works its way out into the water, even a few worms may cause 


ponsiderable mechanical harm to the host, 


In an examination of living material and sections of infected 
lOllusc liver tissue, no infection was found to be so light that 
he host was unharmed, In the Cercaria bifiexa infection of Physa 


yrina (fig. 159), where the cyst membrane is moderately heavy, 


lany ceca are uninjured, yet some betray the marks of injury. 


me such injury is show in the figure, In this case the cells of 


the ceca have undergone only a little change, A comparison of 


this condition with that of C. micropharynx infection in Lymnaea 
Sroxima (fig. 160) and C. gracillima infection in Physa gyrina 


fig. 161), shows a comparatively small injury in the former tis- 
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jus and a severe injury in the latter tissues, Both the latter 
Jases show degeneration of tissue, The chemical change in 

Lymnaea proxima is evinced by 1) fatty bodies that have accumulated 
in some of the cells (a), showing as highly refractive inter-cel- 
lular inclusions; 2) large vacuoles in the cells (b) , especially 
round the nuclei; 3) cytolysis and karyolysis (c,d), including a 
Sloughing of the tissues in the region of the lumina of the ceca, 
@he condition of C, gracillima infection in Physa gyrina (fig,161) 
pictures a further degeneration of the tissues, Fatty globules (b) 
are common, usually accumulated as spherules within the wall. Vac- 
mMolization (d) has progressed to an advanced stage. Cytolysis 

and karyolysis (a,c) have gone so far that the outlines of the 
Majority of the cells are indistinct and no difference exists long- 
er between the epithelial and the lymphocytiodal cells. An indef- 
inite, irregular margin marks off the ceca from the interstices in 
Which the cercariae lie, A further change consists in the forma- 
tion of fibromatas (e) and granulomas within the degenerating 
ceca. Finally the epithelium surrounding the entire liver mass 

has been penetrated by sand granules (f), and other foreign 

bodies have access to the tissues, 

In the infection of Planorbis trivolvis with C, trisolenata 
he mass of the worms was about twice that of the liver tissue 
infected, The tissue was so distended with the parasites that a 
rick of the needle was sufficient to cause the liver membrane to 
urst, upon which the rediae and cercariae fairly poured out of the 
tissue, 

The data on the effect of the agamic trematode infection on 


the molluscan host are Significant. No infection is so light that 


ai aot dk +. Seagal hy we Pita, hey ay 
xt o% i 1 Leo Senne ene e Gale 16: me 
ee ee ioe 7 
“VeTirl ov t?ox (EAS ee ae ap begga fay 
) , (¢) aieS eee Re ge fouoey ohio 


. 
: i a Toa *y F 
it. (oo) eae wad Poe ateviotes en ’ 


yh ‘sya f sée Re colvar ede AL Bepeee 


oh ft “Eee ia f ‘e¢ sa tbe caliaveon el 
Suet? LS oOnNszVLA O ; feeds igor? +) 
ey P a “. « _ a 
af oy ae be wm 6S i rz \e 04 O2c &VI0 (oat 
r e\ Ue! Pee : tottéelsnt ete Sl te@ea 
ohaF oF 

5 “ rails rh Vv 3 ec TAT: Ss ‘en3 tas 
r ‘ i 

iis Say: 02 Abve@®= 647 36 Giatee iistem : 
See OU eleveg sAreniic SLE TUA : A: ail sat 
(reeee er} wiaiiw vedolivanesy tee 4B) Se 
ay } fite,euy AN LAUT Ive wm iledge 2aa ony . 


wut @ Caz ¢ a4 inumsy botee V6 SOae 


.id: Wee am ee ALZES nae ES ta notee 


4 -" dy iv "4 iJ aud we tne IHUuG ‘77 erowF on 


¢ 
an; leotad eit Eek hedges «4 ii oe aan eusel? 


anvidows  ov8f ety) eagle a) mete SYA Rane otheeal § 


io Me rE 


+ 40° dinn! fiemwes, #2 het, “atntonee faa’ ater edd it 
fa Oy she ‘easy 


¥ 


m beestad spo tnt oT es te sate my #0, 
acct pet lt on ‘et didi on hi! we) segs ia oh soe 


~151- 


mechanical and chemical injuries are not inflicted, In the heavy 
infections such as are common to the molluscs of the Bitter Root 
diley, the injury is so heavy that it must alter appreciably the 
ife of the host. The mechanical pressure tends to inhibit or 
increase the functioning of the glandular organs and cramps the 
ssues within unusual confines, The presence of foreign proteins 
close association with the lymph sinuses is sufficient to alter 
the vital economy of the host. The boring of the worm destroys the 


‘tissues locally and in general irritates the mechanism, exposing 


it to bacterial infection, The secretion of digestive juices by 


the parasite, ana of anti-thnrombins and possibly specific poisons, 


upsets the entire physiological equilibrium of the organism, 
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VII, Problems Presented 

In working out new species of organisms, especially from new 
geographical areas, there are often physiological and morphological 
facts that are of general significance in the light of previous 
studies, It is the relationship which is the ultimate problem in 
‘all work in morphology. While light is shed on phylogeny by the 
discovery of new species it is futile to expect to found a system 
of phylogeny on a single species, With these limitations in mind 
the writer presents some of the more important questions that arise 
from the study of the agamic trematodes of the Bitter Root Valley, 

Certain recent investigators have come to regard the trematodes 
as a poOlyphyletic group, Their conclusions have resulted, perhaps, 
from their inability to recognize the fundamentalresemblance of the 
Nervous systems of the subdivisions of the group, especially during 
the embryonic period, In the early days cercariae and rediae were 
considered as different groups of the animal kingdom, and it was 
not till the life-history studies of Leuckart, La Valette (1855), 
and Ercolani (ssi, 1882), that the genetic relationships of 
cercariae and parthenitae were established, It is generally 
recognized now that the germ layers of all generations of trematodes 
have a similar origin, and that the important structures of the 
group present the same problem, 

From more convincing observations Odhner (1907) has concluded 
that the Monostomata are polyphyletic. This investigator has 
noted among certain monostomes a structure comparable to the pharyn 
geal pockets of amphistomes, and among others a primitive acetab- 


ulum (1911). In a study of the monostome cercariae from the Bitter 


Root Valley, the similarity of the nervous system and genital 
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cell masses of Cercaria pellucida and those systems in Gas toduntias 
‘gregarius Looss has been noticed, 

Both Cercaria pellucida and Gastrothy}ax gregarius show paired 
rain ganglia closely set together with only slight constriction 
ef the dorsal commissure, In both species the nerve cells lie 
‘superficially upon the central nerve ganglion masses (Looss , 1896, 
“fig. 6; fig. 33, this paper). Moreover, relatively large posterior 
‘ventral and smaller lateral and dorsal trunks, together with their 
relative positions , constitute a series of similarities not to be 
“overlooked, Looss has found that there is an intermedius nerve 

in his species, both anterior and posterior to the brain center. 
No median posterior trunk has been observed in the cercariae of 

| this group, and the relation of the median anterior trunk to the 
dorsal pigment eye has caused the writer to regard this nerve as 
a fused anterior dorsalis, The lack of pharyngeéalis, pager tecaa: 
and dorsolateral commissure (figs. 133,134) serves to show that 
the nerve complex of the monostome larva Cercaria pellucida is not 


typically distomate. Its structures are much more readily re- 


ferred to the Gastrothylax type. 


In the second place certain features of the genitalia of 
‘Cercaria pellucida and Gastrothylax suggest a common ancestry. 
The median ovary in the subcaudal region (Looss, 1896:, figs.1,2318, 


this paper; the paired testes lateral to the ovary; the dendritic 


vitellaria located in two series; and, finally, the parallel course 


of the uterus and the vas deferens to the genital pore far ceph- 
a@lad,- all of these show in common a genital system quite distinct 
from the usual distome types. 

The similarity of the nervous and genital complexes of the 


larval monostome, Cercaria pellucida, and the amphistome, Gastro- 
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thylax gregarius, suggest the common origin of certain monostomes 


nd amphistomes, 

Among adult distomes there is great variety of structure, yet 
Only in one family, the Schistosomidae, has the fundamental nervous 
“system been altered, The structures of the two furcocercous larvae, 
‘Gercaria gracillima and CC. tuberistoma, have suggested their fun- 
Manental resemblance to the Schistosomidae, For this reason we 
Shall consider briefly the reasons on which this hypothesis is 
based, 

the characters which distinguish the apharyngeal cercariae 
of the furcocercous group are as follows: 1) a forked tail (lar- 
Val character only); 3) paired groups of four salivary-mucin glands 
(larval); 3) absence of an oral suctorial disc, and in its place 
4) an invertible suctorial pouch; 5) an apharyngeéal esophagus, 
‘provided with glands in the region usually occupied by the pharynx. 
“More deeply seated, the nervous system consists of a structure 


Gistinctly different from the usual distome type. This modifica- 


tion consists of the degeneration of the posterior laterales 

during early embryonic development, and the fusion of the posterior 
dorsales with the posterior ventrales about one-third the body 
G@istance back from the anterior end (fig. 150). All of these char- 
acters, except the forked tail and the salivary-mucin glands hold 
Over to the adult trematode. In addition to these characters, the 
larva of Cercaria pracillima has several testicular follicles 
proliferated from the posterior testes-mass at the posterior end 
of the body, 

4 Certain of the structures of this group also characterize the 


larvae of other groups of trematodes, For example, Cercaria 
eristata La Val.(1855; 23; Taf. IIK), has a bifid tail and apparent- 
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ly lacks a pharynx, but the fact that it lacks an aoetebilens 
Probably separates it from the distome furoocercariae, Among the 
Gorgorderinae we find apharyngeal cercariae with several testes, 
However, Ssinitzin (1905: 46-51; Taf.I,II) has shown for four 
-Gorgordera species, that the cercariae are characterized in common 
“by 1) a stylet, 2) salivary glands only in the cephalic region 

of the body, 3) a large glandular excretory vesicle, almost filling 
the posterior third of the body, 4) two testes situated obliquely 
behind the ovarian cell mass some distance from the posterior 
‘Margin of the body, and5) a disproportionately large tail, showing 
the cystocercous relation of the larvae of the group, Moreover, 
the nervous system is typically distomate (Zailer,1914: 386). 

! It may be stated with considerable probability that all of 
the fundamental organs of the furcocercariae, namely the apharyn- 
geal esophagus, the multiple testes, and the uniquely modified 
mervous system, are found in only one adult family, the Schisto- 
Somidae, All Schistosomidae described are characterized by the 
adsence of a true oral suctorial disc and by the presence of an 
Oral invertible suctorial pouch, They have no pharynx, but in its 
Stead glands that line the wall of the esophagus, Looss has de~ 
scribed the modified nervous system of the family in his study of 
Schistosoma haematobium (1895:60-68; Taf.II,fig. 18). It corres- 
bonds in detail to the system of Cercaria gracillima, 

Coupled with these morphological likenesses are the experiment 
data of Leiper on Schistosoma life-history work, lLeiper has 
Deen able to show that the three schistosome species known to 
infect man, Schistosoma haematobium, S. mansoni, and §. japonicum, 
sive rise to miracidia which have a definite attraction for certain 


snails in the districts where he has carried on the investigations. 
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Within the tissues of these snails the miracidia metamorphose into 
sporocysts, and the daughter sporocysts, arising from the mother 
sporocysts, give rise internally to bifid cercariae with a ventral 
ucker, but without a true pharynx, Furthermore, these cercariae 
ntroduced thru the skin and mucosa of experimental animals, mice 
anc monkeys, give rise to typical unisexual adult schistosomes, 
This two-fold evidence favors the view that the distome cer- 
cariae of the furcocercous apharyngeal type, including Cercaria 

: acillima and C. tuberistoma of the Bitter Root Valley, develop, 
under proper conditions, into adult schistosomes, One character 
figured by Leiper for all his apharyngeal bifid cercariae, yet not 
used by him as a diagnostic character, is the presence of the four 
Salivary-mucin glands on the right and the similar group on the 
left of the acetabulum o f the larva, One character used by Leiper 
for the cercariae of the group, the absence of a pigment eye, 
olds for his three species of schistosome larvae, put does not 
hold for Cercaria ocellata La Val., C. douthitti Cort, or CO. grac- 
illima Faust. On the other hand, it has been shown that the eye- 
Spot may be present without pigment ( ep in ©, gracillima), 
hence the failure of Woes to mention an eye-spot for C. vivax 
Sons, (1896 : 216-233; pl.172-174) does not imply the absence of 6 
Jigmentless e@ye-spot in that species. 

The matter of the relationship of the bifid apharyngeal dis- 
jome larvae will be made much clearer by a consideration of the 
Male genitalia, The adult Schistosoma into which the larvae of 
veiper develop are characterized by a relatively small number of 


testicular follicles, 4 to 5 for S. haematobium (Looss, 1895: 81), 


3 to 8 for S._ japonicum (Katsurada.,1914; 367), and 8 for S. man- 
oni (Leiper, 1916: 411), On the other hand, the testicle pro- 
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liferation in Cercaria gracillima (fig. 149) shows twenty-four or 


‘twnety-five follicles already differentiated from a posterior 


germ mass. The large number of testicular follicles has been show 


to be the characteristic of the adult Schistosomidae of the genera 
Bilharziella (Kowal ewski,1895 .: 1896), Gigantobilharzia (Odhner, 
1912), and Ornithobilharzia (Odhner,1912). On the other hand, the 
_tuberosities at the anterior end of the Leiper cercariae are sure- 
ly comparable to those of C, tuberistoma Faust. Unfortunately 

the writer was unable to preserve material, so that the structure 
of the genitalia of this species is not known. 

The mass of evidence suggests the separation of the apharyn- 
geal distomate furcocercariae into two sub-groups, 1) those with 
eye-spots, either with pigment or without, and posséssing a.large 
number of testicular follicles; and 3) those without eye-spots 
of any kind, and possessing only a few testes. The former 
probably have an avian definitive host; the latter, probably a 
_tiammalian definitive host. According to this hypothesis we would 
place C. tuberistoma in the group with the cercariae of Schistoso- 
p me. haematobium, S. mansoni, and S. japonocum, while C. gracillima, 
C. douthitti Cort, and possibly C. vivax Sons. suggest a natural 
Sub-group related to the avian schistosome adults. 

A question of phylogenetic importance is solved when we come 
to know that the germinal masses of Cercaria gracillima are herm- 
@phroditic, and that any marked differentiation of the organs 
does not take place while the larva is outside the definitive 
host, for with the probable genetic relation of this species 
ise larva to the adult schistosome, we may expect the differentia- 


tion of sex to take place in these species comparatively late in 
their development. This hypothesis is in keeping with the studies 
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of Odhner (1912), who points out the fundamental morphological 


“relationship of the hermaphroditic species Liolope and Haptotrema 


and the unisexual Bilharziella, Gigantobilharzia, Ornithobilharzia 


p and Schistosoma, 

A comparison of the table on p.26Awith the data from Odhner's 
paper (1912), support the view that the spectes of Schistosomidae 
with a small number of testes ( 4 to 8) have as a definitive 
host a mammal, while the species with a large number of testicular 
follicles has a bird as definitive host. 

The discussion leads to the conclusion that the larvae of 
the two main groups outlined above may be separated on the basis 
of 1) the number of testicular follicles present in the mature 
cercariae, 3) the presence or absence of an eye-spot (with pig- 

‘ment or without), and the relative slenderness or thiskness of 

the larva. At the same time they possess in common 1) a bifid 
tail, 3) a ventral sucker, 3) an oral suctorial pouch which can 
be in verted, 4) a glandular esophagus without pharynx sphincter, 

| 5) paired groups of salivary-mucin glands, four celis to each 
group, 6) multiple testes, and 7) a specifically modified dis- 

tomate nervous system, In the light of present knowledge these 
species all fall within the limits of the Schistosomidae, 

Of all the known groups of trematodes the Holostomata have 
been the group of least genetic study and most erroneous in- 
terpretation. On account of their large size the adult holostomes 
have been known for many years and dozens of species have been 
Gescribed, Nothing, however, has been known of the development 
of the holostomes, Without sufficient grounds Brandes (1891;573) 


has interpreted the sketch of a miracidium of Holostomum cornu- 
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copiae Molin (v.Linstow, 1877:fig, 30) as a metamorphosing tetra- 
ecotyle, In other words, Brandes concludes that the molostome has 
a direct monogenetic development without the intercalation of the 
@gamic cycle, Ercolani (1881: 284-290; Tay.II, figs, 15-232) has 
worked out the life-history of Strigea erratica (Duj.) from the 
tetracotyle to the adult form, by infecting Anas sp. with Tetra- 
cotyle typica cysts from the mollusc, Planorbis corneus, Altho 
Ercolani found one tetracotyle in a sporocyst (Tav.II,fig. 18) , 
he interpreted it as the invasion of the tetracotyle into the 
Sporocyst of Cercaria oceéllata La Val. Ssinitzin has justly crit- 
icized Brandes conclusion (1910; 22,23), but in lieu of true 
holostome evidence in support of the digenetic view he has substi- 
tuted that from Cercaria plicata, a peculiar distome larva which 
he has shown to bear certain relations to the holostomes, 

It has been shown in this paper that there are agamic cycles 
in Cercaria flabelliformis, a typical holostome, that several 
generations of rediae may be intercalated between the miracidium 
and the tetracotyle. Thus, there is conclusive evidence that the 
holostome has an alternation of generations, gametic and agamic, 


Similar in kind to such alternation in other Digenea, 


In spite of the strangely modified suctorial apparatus and 
the posterior genital organs of the holostomes, there seems to 
be good grounds for believing that they originated from the dis- 
tomes, They have an acetabulum, and, AA times, the rudiment of 
a genitel pore just in front of the acetabulum (fig. 53). 

On the other hand it is very doubtful if the lappets (Zapfen- 
lappen of Brandes ;1893: Taf. 41, figs. 5-15) bear any homology 


to the genital pore rudiment. It has been shown, in fact, that 
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they arise in Cercaria flabelliformis from a pair of oval suctor- 
‘dal grooves (fig. 41). and that in Tetracotyle pipientis (fig.47), 
where these grooves remain rudimentary, no lateral lappets develop 

O, v. Linstow has remarked that the points of difference in 
Strigea (Holostomum) have been considered very superficially, 
Since the group members are not readily distinguished by external 
markings avid the internal anatomy is difficult to interpret (1877; 
189). Even in the early larva the points of differentiation are 
well marked, It has been pointed out (p.22) that the partheno- 
genetic egg of the holostome developing into the cercaria (tetra- 
cotyle) is structurally differentiated, even at the time of matur- 
ation, while the egg which develops into a redia is morphologi- 
Cally simple. Such phenomema have been noted in no other agamic 
trematode study that has come to the writer's attention, Thus the 
. actual phylogenetic history of the group is hidden by its pre- 
cocity, and the developmental stages of the holostome show only 
in telescopic fashion the actual ancestral history, 

Extraordinary nerve modification in the holostomes (fig.53) 
is related directly to the modification of the muscle complex, 
This modification consists in the main in the degeneration of the 
posterior dorsales ami laterales, and a relative increase in size 
and importance of the posterior ventrales. The other systems of 
the holostomes, especially the genital and excretory systems, 
are equally highly modified and equally well formed in the larva, 
Ssinitzin (1910, 1911) has suggested that the changes in the 
| genital pore from the preacetabular region to the posterior 


ventral extremity have come about thru the formation of a new 


_ Opening rather than thru a shifting of the old preacetabular pore, 
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This view is held by the writer, since the original genital pore 
“is still present in the hemistome larvee, altho there is no clue 
| to its former connection or function, The extent of these changes 
indicates a long period of gradual adjustment to a modified 
| milieu, 

The study of the cercariae of the various groups of Digenea 
not only serves to supplement relationship studies of adult gamet- 
ic trematodes, but also brings out structural relationships very 
considerably if not entirely hidden in the adult. The most con- 
Stant of all the systems in all the groups of Digenea is the ner- 
vous system. Any marked modofication of this system from the 
Characteristic distomate nervous system is indicative of a long 
period of divergent growth, 

the fundamental systems of the gametic trematode are deep- 
“seated: they are well formed in the cercaria, and little signifi- 


Cant differentiation takes place during metamorphosis, 


Among the early systematists Trematoda were classed with the 
Hirudinea because of the common superficial resemblance of the 
two groups. Even as late as 1871 Schmarda separated the Trematoda 
‘from the Turbellaria and Cestoda, and placed them together with 
"the Hirudinea in the Cotylidea. Balfour (1881, 316,317) consid- 
ered a direct relationship of all Mesozoa above Coelenterata 
entirely unéatisfactory and conceived the idea of referring them 
all back to the trochophore larva which possessed radial symmetry. 
In his monograph on Amphistomum subclavatum Looss (18925156, 157) 
Compared the proliferation of the germ-balls from the body wall 


Of the parthenita to the production of eggs and sperm in the 
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marine polychaetes, and suggested that other embryonic structures 


of the trematode were comparable to to annelid structures, so 
that they might be considered as of phylogenetic value. Recently 
Ssinitzin (1911386) has spoken of the resemblance of the Trema- 
toda to Arthropoda and Trochelminthes, in view of the absence of 
any ciliary integument, in place of which, he says, the cuticula 
and the external skeleton develop. 

During all of this time there has grown up a theory of 
common descent for ths Trematoda, Turbellaria and Cestoda, based 
not on the fact that they are all "flatworms", as Ssinitzin has 
insisted (1.c.86), but on their homologous genital, nervous and 
excretory systems. The observations of Leuckart (1886% 140), 
Schulze (18835 178-195), and Schneider (1664; 590-597) all 
support this eiek, while Leuckart (l1.c. 141) even saw the analogy 


between the gutless sporocyst and the Acocsla. Lang (18384; 669) 


showed that the nervous system of the Trematoda and the Turbellar- 


ia was homologous, 

With the work of Haswell on Temnocephala (1888) the close 
affinities of the Trematoda and Turbellaria became evident. In 
this group the excretory system, the three antero- and postero- 
nerve trunks, the anterior mouth, and the dorsal pigment eyes,- 
all these have bridged the way for the acceptance of the thesis 
j that the Tremotoda and the Turbellaria have a common ancestry. 
The study of the agamic generations of the Digenea, to which 
this paper is devoted, stands in support of this thesis, fhe 
hypothesis is based on the following facts. 
| 1. The gametic trematode is produced from a parthenogenetic 


@gg, developed from the germinal epithelium of the body wall of 
the parthenita, or lying free in the body cavity. It passes thru 
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a larval stage, the cercaria. The sporocyst is produced from the 
~fertilized egs,. Its larva is the miracidium. The redia is the 
result of the development of the parthenogenetic egg produced in 
the sporocyst, 
6, The body cavity of the gametic trematode and of the Tur- 
| bellaria is filled with differentiated mesenchyme and connective 
tissue. In the parthenitae the parenchyma is confined to the body 
wali; it is also less differentiated, 

5. Both Trematoda and Turbellaria are typically flat, with 
@ pronounced bilateral symmetry. The cynildrical appearance of 
the rediae and sporocysts is a secondary modification due ro 
parasitism, 

4, The epidermis of the Trematoda and the Turbellaria con- 
Sists of a single layer of cells, In the sporocyst larva (the 
miracidium) and in the Turbellaria, the layer is ciliated. In 
the rediae and in the cercariae this layer is usually sloughed 
off before maturity and in its place the tunica endogena, of 

"mesodermal origin, serves as the integument. This fact disposes 

; without reservation of the Ssinitzin theory of the Trochelminth 

and Arthropod origin of the integument, 

| 5. The nervous system of the Monogenea, the Digenea and the 
Turbellaria is reducible to a common type. Two brain ganglia with 
@ transverse commissure, three anterior pairs of nerve trunks, 

and three posterior pairs of nerve trunks,- these are common to 
pet l three groups. Moreover, the pigment eye-spot of the Turbellar- 


ia, Monogenea, and Digenea (cercariae) are not only homologous, 


but practically identical in detail (Hesse:1897; and pp.909| this 
paper).In each caseoneor more ganglion cells fill the "optic 


cup". In each it can be traced to the brain center. Parasitism 
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has caused the pigment eye to degenerate in the adult Digenea,. 
It is present in none of the mature gametic forms that have come 
' under the writer's attention, Even in the cercariae it is pig- 
mented only in certain species; in other species all traces of 
pigment have been lost, but the optic nerve is still present and 
Can be traced to the brain center ( Cercaria pgracillima, C. rac- 
' emosa). In many cases it has been lost, even in the cercariae, 
Eye-spots are common in miracidia, but are lost on metamorphosis 
into the sporocyst. There are no records of eyee in rediae, 

6. The digestive rast of the cercariae and gametic trem- 
atodes is usually triclad, altho in the Gasteropoda it is rhabdo- 
coel, In the redia the gut is rhabdocoel; there is a pharynx 
and salivary glands have been reported (Ssinitzin, 19114 pp.7674 
this paper). In the sporocyst larva (the miracidium) there is 
an indication of a gut and salivary glands (Looss,189s), altho 
these are all lost in the adult. In the Turbeéllaria the cut is 
triclad, polyclad, rhabdocoel, or acoel. The pharynx is ordi- 
“Narily present and salivary glands are frequently found, 

7. The excretory system in the two groups is at first a 
single pair of protonephridia, This condition is found in 
- miracidia, rediae, and cercariae, and also in the Turbellaria. 
The tubvles, whether in larva or adult, end in flame cells, 

8, The genitalia were one of the first systems in which 


investigators recognized the relationship between the Trematcda 


and the Turbellaria. The hermaphroditic condition in the gametic 


generation of the Trematoda and the Turbellaria is strikingly 
similar, with the common atrivm, except in Acoela. Parthenogen- 


esis in parthenitae is the result of the great change in environ- 
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‘ment of these agamic cycles, 


While one or two points have been advanced in support of 
the various phylogenetic connections of the Trematoda to other 
groups, only one theory has been proposed which is based on the 
fundamental homologies of the nervous and genital systems. Thisis 
the theory of common ancestry of the Trematoda and Turbellaria, 
The present study of agamic trematodes fully warrants the support 
of this theory, 

The lifé cycles of the trematode, 

The life-history of the trematode of the Order Digenea con- 
sists not in an alternation of sexual and asexual generations, but 
rather in the intercalation of one or more parthenogenetic cycles 
between successive gametic generations, 

It is the bisexual cycle to which reference is made by 
Lankester (1901; 89), when that writer remarks that "it is ee 
an axiom that parasitism leads to degeneration of the parasite, 
and this generally in an extreme degree; but in the Trematoces 
this degeneration is scarcely recognizable;for beyond the absence 
of the ancestral locomotor organs, viz, the cilia of the outer 
Surface, it is scarcely possible to point to any sign of deé- 
generation common to the group." 

The majority of the Digenea are hermaphroditic, -In spite 
of their complex organs for copulation Looss (1894a¥% 812) has 
— concluded that they are usually self-fertilized, Among the 
_Schistosomidae alone is there a separation into male and female 
individuals, and even in this group the genital cell masses 
are hermaphroditic in the larva (Cercaria gracillima). 

A problem which has arisen in connection with the genitalia 


of the Digenea is the significance of the organ known as Laurer's 


fmxzwe gas wits ot Ge etal biescn 


TS 
j 
& 
t 
¢ 
4 


foes ch Deaths. Red eviadt®: bade 

$4 ano bogus 

ort) ho Geeed ci sotoy Bees sane ato sai! oad 
» iy 

aod ey: trem hag avuvgd nie to epine 


al _ 
rosea 


rotted 2tésauest ase 


4 
SRtelOeGiul o6A efotaos 324 2e ‘rintaaos 


5 -, -* wee | 
— 9 oe bA- «= w taw . 
et Sf Ss — ee 
ei) . 


an Lua y ‘ ‘ Ey rye +Lbad ie Hz 2 z MA we | fans 


Pm | 


en - wiles 
Jinvatgweués otieeny Orie 

Pabe 

aia of éone retin fog ope ios taccaee 

eras ae 


Rost Ew, See eee (36> a 


ea] 


—reath:. sad Lite OepeRe?s at ateui meld fen 


‘2S 


AS Soy Rag io . tS wee y Smear szsa mais baat 
(Luge lahOgge etry sace- =a aod 
waive, ont Teel lle Sap), 4 So eee horoaoous y 
ints, Vite. Og: taigs OR Sidtaeos ¥ ie OTADS- 

“ORG. OSE OF: AE 

ec fq3a. wi ~Of0% bo Nant argal ee gondase esf3s IO cia 
(BEd. FEE: ee aoo soctegee toy. anuyio 


B Leah ona. BAER OTNS. 9 es ies 4 
ai eal Lae, kat Lites Oat Ba wade 

Casing Lines ale 

Lat ketal ok aig tor BIR ee 
wey ea ami pac: ak ie, ‘ 


Canal. Looss (1893a) considers it homologous to the uterus of 


Cestoda, while Goto (1893) believes it to be the homolog of the 


blind vagina of Amphilina and the genito-intestinal canal of 


the Monogenea, According to Lite (1909) a Laurer's canal is 


present in Monostomes, and in some of the groups of the Distomes, 


Sincluding Plagiorchidae and Echinostomidae, It is not recorded 


for Holostomes or Schistosomidae, Except for the Echinostomidae 


céeércariae a Laurer's canal has been found in all cercarias of the 


groups studied, in which the adult trematode has this canal, 


Absence of the canal in the larval Echinostomidae can be explained 


on the basis of the late development of the genital organs in 


this family, 


On the other hand, no Laurer's canal has been found 


in the groups where no canal is present in the adult, With the 


exception of Ssinitzin (1905; figs. 62,67,74) students of cer- 


Cariae have not recorded the canal in trematode larvae, Ssinitzin 


has found it in the three xiphidiocercariae, Cercaria gibba de Fil., 


G. prima, and C. secunda, The constant development of this organ 


in several groups as described in this paper shows that the Laurer's 


Canal originally had an important place in the sex physiclogy of 


the Digenea, 


the pronounced difference in structure between parthenogenetic 


Ova which develop into redise and cercariae has been discussed 


(p.22). This difference has been found to bear no relation to 


the phenomenon of maturation, since the chromosome count in the 


Mature cell is the same, whether redia or cercaria is to be pro- 


duced, In fact, it seems probable that the differentiation 


Occurs before maturation, The significant fact is, the compar- 


ative simplicity of the ova which develop into rediae and the ex- 


treme complexity of the ova which develop into cercariaé, In this 
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connection it has been observed that embryos developing from germ- 


balls produced from ova free in the body cavity produce daughter 
rediae, Of the maturing ova from the germinal epithelium lodged 
in the body wall of the parthenita,those developing farthest pos- 
terior invariably grow into cercariae. 

In his experiments on planarians Child (1915) has shown that 
starvation and fragmentation(fission) secure a rejuvenescence for 
the individual. The less differentiated individual is on the 
whole the younger one, Are we not justified in concluding that the 
undifferentiated parthenogenetic égeg produces a daughter agamic 
individual because this egg is the more simple, i.é., younger, 
while the more highly differentiated egg grows into the cercaria 
because it is physiologically old? Interpreted in this light, the 
parthenitic individuals of the Digenea are physiologically younger 
than the cercariae and the adult gametic forms because their struc- 
ture is simpler. They have sacrificed complexity of structure 
to meet the needs of parasitic life, and in so doing have become 
remarkably rejuvinated, In two species, Cercaria diaphana and 
G. micropharynx, extreme simplicity has been assumed in the 
sporocyst, since the germ balls may develop from any cells of the 
body wall. 

The writer believes that the ability of the parthenita to 
reprocuce daughter rediae or sporocysts for two or more genera- 
tions rests on the simplicity of the uvum and the relative simplic- 
ity of the parthenita, especially as regards the undifferentiated 
mesoderm cells. If this rejujenation can be continued indefinite- 
ly, there is no reason to believe that the parthenogenetic gen- 


erations could continue indefinitely without the intercalation of 


the gametic cycle, 
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Child (1915; 407) has stated that "in many cases partheno- 


‘genetic eges are apparently less highly differentiated morph- 


Ologic@lly, and younger physiologically, than zygogenic eges of 
the same species." The present study makes it necessary to add 
that in cases where the parthenogenetic eggs may develop into 
either daughter parthenitae or cercariae, the eggs which develop 
into the former individuals are apparently less highly differenti- 
ated morphologically and younger physiclogically than those which 
develop into cercariae, 

Finally, the present study causes the writer to support the 
view that the gametic cycle of the Digenea is the more primitive, 
or at least more closely related to the ancestral group. This con- 
clusion is based on the belief that the original type was a highly 
complex Pkatyhelmia, with a ciliary integument and eye-spots. 
These characters are found only in the miracidium, a larva pro- 
duced from a material most nearly prototypic of the entire life- 
history, Even the tail, which is a median posterior adaptation 
to swimming life, has become non-functional in many groups, The 
modification of the parthenitae has come about as the direct re- 
sult of parasitism. The assumption of a cylindrical form is 


secondary. 
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VIII, Summary 


1. Altho the fauna of the Bitter Root Valley is restricted to 


few species, fourteen species of agamic trematodes have been 


found in the vicinity. 


®, The history of the germ cells of the sporocyst and redia show 
parthenogenesis to obtain in these individuals. 

5. Parthenitae and adult trematodes are comparable individuals: 
their germ cells can be referred to a common type of germinal 
epithelium, 

4. The integument of trematodes is mesodermal in origin. 

5, The fundamental systems of the adult trematode are well devel- 
oped in the cercariae. 

6. The excretory, genital and nervous systems of the cercariae 
may be used to show the natural relationships of the larvae, 

7. Monostomes are probably polyphyletic. 

8. Digenea, together with Monogenea, are more closely related 

to the Turbellaria than to any other group, 

9. Parthenitae are well adapted to their parasitic life because 


they are morphologically simple and physiologically young, 
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148-167; 3 Taf. 
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1895, Zur Anatomie und Histologie von Bilharzia haematobia 
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| Odhner, T. 
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Bilharzien verwandter Blutparasit von enormer Lange, 
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X, Explanation of Plates. 


Abbreviations 


anterior dorsalis nerve 


al anterior lateralis nerve 
as anterior sensory field 
av anterior ventralis nerve 
b bursa, genital atrium 
bl bursa glands 
br cerebral ganglion 
ca caudal pocket 
c cecum 
ceg céercaria germ-ball 
Cg caudal gland cells 
cr cirrus pouch 
cs collar spines 
de dorsal commissure 
dlc dorsolateral commissure 
dp profundus of the dorsalis nerve 
ds superficialis of the dorsalis nerve 
al Salivary gland duct 
| TS) epithelium 
| ec ectoderm 
) eg excretory granules 
| eh evertible prepharynx 
| ep excretory pore 
| es esophagus 
| et excretory tube 
| ex excretory tubule 
ev excretory vesible 
fo flame cell 
g genital pore, birth pore 
gb germ-ball 
gle cystogenous cell 
| x intermedius nerve 
| igl digestive elands 
. 1c Laurer's canal 
le lateral eye 
1 longitudinal muscle cell - 
mm leg localized germinal epithelium 
. lm longitudinal muscle fiber 
mm 1p posterior locomotor pocket 
| ls lateral suctorial groove 
. m myoblast 
| | me median eye-spot 
. mp musculus preoralis 
im 67 nerve cell 
| ne nerve ending 
np nervus palatinus 
nph pharyngealis nerve 
ns subesophageal commissure 
nt nerve trunk 
od oviduct 
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Abbreviations (continued) 


on Oral nerve ring 
Oop optic nerve cell 
Ope optic cup 
opn optic nerve 
or Oral sucker 
ot ootype 
Ov Ovary 
Pp pharynx 
pa parenchyma 
pb polar body 
pe preacetabular commissure 
pd posterior dorsalis nerve 
Pe primitive genital pore 
Pel locomotor pocket glands 
pl posterior lateralis nerve 
pe preoral sense endings 
po postacetabular commissure 
pv posterior ventralis nerve 
pvi postero-ventral intermedius nerve 
r rhabdocoel gut 
rm ramus muscularis of the lateralis nerve 
rp ramus palpalis of the lateralis nérve 
sg Salivary gland cell 
sp acetabular spine 
st stylet 
t tunica endogena 
te, ti, ts 

testis 
tr transverse muscle fiber 
u uterus 
v vagina 
vd vas deferens 
ve vas efferens 
vi vitelline follicles 
vi vitelline duct 
vs acetabulum 
Note,- 


represents the value of the line drawn next to each figure in 


The number in parenthesis after each figure explanation 


the plate, expressed in millimeters. 
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Plate I, 


Figs.1,2,3,- Sketches of the progressive pigmentation of Cercaria 


pellucida, dorsal view; showing two lateral eye-spots and one 


median spot. x 100. (0.05 mm). 


Fig. 4.- Dorsal view of Cercaria pellucida, somewhat contracted, 
x 100. (0.05 mm), 
Fig, 5.— Anterior tip of C. pellucida, figuring details of pig- 


mentation and contents of the excretory tubes. x 330. (0.01 mm), 


Fig.6.- Redia of C. pellucida, characterized by the extensive 


rhabdocoel gut and the spinous prepharynx, x 34. (0.5 mm), 
Fig. 7.- Detail of the spinous prepharynx of the redia of C.péel- 


lucida. x 540, (0.01 mm). 


Fig. 8.-— Young redia of C, pellucida; precocious development of 


cercariae before the redia is mature. x 38, (0.05 mm). 


Figs, 9-11.- Three stages in encystment of C. pellucida, x 38, (0.05) 


Fig. 18.- Young C. pellucida; orogin of posterior locomotor pockets 


with in the caudal pocket. x 170, (0.05 mm), 


Fig. 13.- Transverse section thru the middle of the body of C. 


pellucida. x 330, (0.01 mm). 


Fig. 14.- Detail of cystogenous gland cells in the region of the 


lateral eye-spot of C, pellucida. x 330, (0.Olmm). 


Fig. 15.- Contracted excretory bladder and posterior locomotor 


pockets of C, pellucida, x 238 (0.01 mm). 


Figs. 16,17.- Details of the posterior locomotor pocket of C, pel- 
retractor 


lucida; fig. 16, contracted; fig. 17, relaxed; Xx, 


muscles, yy, reflexor muscles, x 540. (0.01 mm). 


Fig. 18,.- The genitalia of C. pellucida; region of cotype and 


metraterm, x 238, (0,05 mm). 
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Fig. 19,- Transverse section thru tail of C, pellucida; ordinary 
parenchyma cells lining excretory lumen, x 540, (0,01 mm), 

Fig. 19,A.— Oblique section thru tail of C, pellucida, indicat- 
ing arrangement of muscle fibers, x 540. (0,01 mm), 

Fig. 380,- Sagittal waldtes Cars eherric and redia of C, pellucida, 
with spinose prepharynx organ retracted. x 330, (0.01 mm), 

Fig. 81.- Transverse section thru body of C. konadensis in region 
of posterior locomotor pocket glands, x i70, (0,05 mm), 

Fig. 88,- Pptical view of the proliferation of germ-balls from the 
posterior germinal epithelium of the redia of 0, pellucida, 

x 300. (O05 mm), 

Fig. 23.- Central nervous system of C, pellucida, type system 

for the trioculate specias of Monostomata cercariae, x 330, (0.05mm) 
Fig, 34.- Oblique section thru ganglion mass, showing connection 
of eye-spots with brain center; from young Cercaria pellucida, 

x 330. (0.05 mm), 

Fig. 35.- Dorsal view of Cercaria konadensis, x 105. (0.05 mm), 
Fig. 86.- Redia of 0. konadensis, x 34, (0,5 mm), 


Fig, 27.- Detail of a paired group of caudal gland cells of C, 


konadensis, x 540. (0,01 mm), 

Fig. 28.- Genital cell masses of CO, konadensis in region of ootype. 
x 540, (0.01 mm). 

Fig. 39.- Detail of excretory bladder and posterior locomotor 
pockets of ©, konadensis, x 238, (0,01 mm.). 

Fig. 30.-— Optical view of the germinal rachis of the redia of 

C, konadensis. x 330, (0.05 mm). 

Fig, 31.- Sagittal section thru aspinose prepharynx of the redia 


of C. konadensis. x 330. (0.01 mm). 
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Fig. 36,- Transverse section thru tail of mature C, urbanensis 

Cort, showing caudal gland cells. x 330. (0.01 mm), 

Figs, 33,34,- Stages in differentiation of caudal gland cells of 

C. urbanensis from ordinary parenchyma cells, x 330, (0.01 mm), 

Fig. 35.- Detail of excretory system vesicle and posterior loco- 

motor pockets of C, urbanensis, x 238, (0.05 mm), 

Fig. 36.- Oblique section thru brain mass and lateral eye-spot, 

indicating ectodermal origin of pigment cup, and connnection of 

optic cells with brain; early germ-ball of C. urbanensis. x 730, 

(0,01 mm), 

Fig, 37,- Frontal section of C, pellucida, indicating details 

of structure near the parenchyma and integument. x 730. (0,0lmm) 
Plate III, 

Fig. 38.~ Ventral view of Cercaria flabelliformis, freed from 

cyst; 11, lateral lappets. x 80, (0.05 mm), } 

Fig. 39.- Dorsal view of C, flabelliformis, giving details of the 

6xcretory system and genital system; lat tr., lateral transverse 

vessel; med tr,, median transverse vessel, x 80, (0.05 mm), 

Fig. 40.- Lateral view of C. flabelliformis, showing the suctorial 

cup in the anterior moiety of the worm; 11, lateral lappets, 

x 80, (0.05 mm). 

Fig. 41.— Immature C, flabelliformis within cyst; lsg., lateral 

Suctorial groove, x 54 (0.05 mm), 

Fig, 42,- Redia of C. flabelliformis, showing paired salivary 

glands emptying into the oral pocket, x 54. (0.05 mm), 

Fig. 43.- Young redia of C, flabelliformis, detailing the ex- 

cretory channels in the parthenita. x 54. (0.05 mm), 


‘Fig, 44,- Mid-frontal section thru young daughter redia of 


i 
4 
; 
* 


§ : mare » 
3, Oey, " 


(iavifes intlag ge iwotis dmmott Leda tt8 to. otbet 
ae. 6D iO} ictal 
~xe ult sueteiteien etna Made fy” ort sinus 


to sider qardquat en tA 


texotilfsdait ettecteD to weetvy [ete 


Yai, » fi 


«Lem BO00} abe ibs oncaag 60 


ie ae ss 


seein 9 “ska nat wcis98. 
’ tae vee b 
otek wwhthe Basky | ai i 


me Se sottattne we tt 2s nai ue 


mn ‘ 
ik me) 


65 Seo, seedone san quanLbso cont ae 
o foes mean yeote tees ‘to 
40:9) BS * wh Lace ite Pas te | 

ra 

F , 7 
a enau chard wide poitess oupt are 


« 


etn tte ince hot anl ‘gi 


ate a 
», 
at ; 

a | 


oO te scohtone Jpfaoatiam 


* 
% 
’ 

e 


ow (iavt-nees y¥itse tute 


WOshs OM neocon teq eds 1400 Oe 


a Patel mae) | a * ‘ wT 
4\ = wa wry . 7] te Ps OUR. 


ees Pc 
eet ie) 


Ss 
,elnrotiliodels 40. to wety Lasteay ~is@ 
> tt tal imeteye Latines wth 0708 


4 


meidom ., 78 ¢, 


he 
’ 
v_) 


ee@aey Cate venst 


,elmeciiffedsf? .0 to weltv LateSiiime 


Grow aor To. yootom rohietas i 

| | i BOR 
ayo slur ee aimcotiliedalt 30 owvanel | 
4 (om BO),0) 88 % ie ay 


ie 


= 


29X04 Lato are, oonk 4 ‘ye 


rea a 
a) oe be , 
4 oe 4 q 

oot 


eae 
eT i 


C. flabelliformis in region of germinal cell maturation, x 330, 


— 


wm ke 


(0,01 mm), 
Fig. 45,.- Median frontal section thru young daughter redia of 
C, flabelliformis, showing proliferation of germinal epitneliun 
at posterior end of gut. x 330, (0.01 mm), 
Fig. 46,A-M.-— Maturation of the parthenogenetic ova of C, flabel- 
liformis rediae; A,resting cell; B,C, formation of spireme; D, 
division of spireme skein into eight chromosomes; E,F,G, long- 
itudinal splitting of chromosomes at equatorial plate; H, mitosis 
with formation of polar body; preparation of ovum for second 
mitosis, before cytoplasmic separation of polar body; K, cell 
cleavage of ovum without cleavage of polar body, precocious 
chromosomes, b) ,>3,excentric; L, first cleavage of a cercaria 
ovum, with polar body degenerating; M, metaphase of a somatic 
cell in process of division. x 1620. (0.01 mm). 

Plate IV, 
Fig. 47.- Ventral view of Tetracotyle pipientis, showing diges- 
tive tract and genital system, x 105. (0,05 mm), 
Fig. 48.- Diagram of the excretory system of T, pipientis, with 
excretory granule inclusions, x 105, (0,05 mm). 
Fig. 49.- Ventral view of Cercaria ptychocheilus, including di- 
gestive, excretory and genital: systems. x 50. (0.05 mm). 
Fig. 50.- Sketch of encysted C. ptychocheilus, x 25, (0.5 mm), 
Fig. 51.- Sketch of ruptured cyst of C, ptychocheilus, with at- 
tachment annulus. x 25, (0.5 mm). 
Fig. 58.=- Detail of genital system of C, ptychocheilus. x 165. 
(0.05 mm). 
Fig. 53.- Nervous system of C, ptychccheilus. x 330, (0.05 mm), 
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Fig, 54,- Transverse section thru middle of body of C, ptycho- 


chéetlus, x 540, (0.01 mm), 


| Fig. 55.- Dorsal view of Ceroaria crenata. x 170. (0.05 mm), 
| Figs, 56,57.- Ventral and lateral views of stylet of C, crenata. 
| x 540, (0,01 mm), 
| Fig. 58,.- Sporocyst of C, crenata. x 54.,.(0.05 mm), 
| Fig. 59.— Detail of genitalia of C. crenata, x 170. (0.05 mm), 
| Fig. 60.- Ventral view of 0. glandulosa. x 75. (0.05 mm), 
Fig. 61.- Stylet of C. glandulosa, ventral view. x 370. (0,01 mm), 
Fig. 68.- Salivary and cystogenous glands of C, glandulosa, 
| x 75, (0.05 mn). 
Fig. 63.— Detail of caudal pockets of C. glandulosa, showing in- 
sertion of tail, spinose lateral grooves, and three-spined ven- 
tral flap. x 100, (0.05 mm). 
Pigs.64,65,- Outline of excretory vesicle of C. glandulosa, open 
and closed, x 300. ( 0.05 mn), 

Fig. 66.— The genital cell masses of C, glandulosa, dorsal view, 
| * 110, (0.05 mm). 
| Fig. 67.- Sporocyst of C, glandulosa. x 170, (0.05 mm). 
| Plate V. 
/ Figs. 68~-70.- Consecutive frontal sections thru C, glandulosa, 
| giving details of the nervous system anterior to the brain. 
| x 540. (0,01 mm), 
| Fig. 71.- Frontal section thru C. glandulosa, with details of 
| innervation of the acetabulum. x 540.( 0.01 mm). 
| Figs. 72-75.- ‘Transverse sections of C, glandulosa thru levels 


aa to dd of fig, 60. x 540. (0.01 mm). 
Fig. 76.- Ventral view of Cercaria diaphana, considerably flattened 
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by cover slip. x 170, (0.05 mm), 

Fig. 77.— Stylet of C. diaphana, ventral view. x 540, (0.01 mm), 
Fig. 78.= Ventral view of C. diaphana, giving details of glands 
and genital cell masses. x 170. (0.05 mm). 

Figs. 79,80.- Sporocysts of C. diaphana. x 80. (0.05 mm). 

Fig. 81.- Ventral view of Cercaria dendritica, x 170. (0.05 mm), 
Figs. 83,83.- Lateral and ventral views of the stylet of C.den- 
dritica, x 250. (0.01 mi). 

Fig. 84.=- Encysted C. dendritica. x 150. (0.05 mm), 

Fig. 85.- Salivary and cystogenous glands of C, dendritica. x170, 
(0.05 mm), 

Fig. 86.- Genitalia of C. dendritica. x 150. (0.05 mm). 

Fig. 87.- Young sporocyst of C. dendritica. x 150, (0.05 mm), 

Fig. 88.- Mature spotocyst of C. dendritica. x 150. (0.05mm)., 

Fig, 89.= Posterior end of mature sporocyst, showing origin of 
germ-balls from localized germinal epithelium, x 330, (0.01 mm), 
Fig. 90.- Ventral view of Cercaria micropharynx, x 170, (0.05mm), 
Figs. 91,92.- Ventral and lateral views of the stylet of C,micro- 
pharynx, x 540. (0.01 mm). 

Fig. 93.- Distribution of glands in C. micropharynx. x 170. (0.05am) 


Fig. 94.- Sporocyst of C. micropharynx, with non-localized germ 


inal epithelium. x 170. (0.05 mm). 


Fig. 95.— Cercariae encysted in old sporocyst of C, micropharynx, 
x 54, (0.05 mm), 

Fig. 96.- Genital cell masses of ©. micropharynx, x 170. (0,05mm), 
Fig. 97.- Transverse section thru brain center of C, micropharynx, 
x 540, (0.01 mm), 


Fig. 98.- Transverse section thru excretory cornua of C, micro- 
pharynx, x 540. (0.01 mm). 
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Fig. 99.- Transverse section thru tail of ©, micropharynx, 

x 540, (0,01 mm), 

Fig. 100,- Ventral view of Weer ania edo beibea: x 150. (0.05 mm), 
Figs. 101,108,.- Ventral and lateral views of the stylet of OC, 
racemosa, x 330. (0.01 mm). 

Fig. 103.- Detail of salivary glands of C, racemosa, x 150. (0.05). 
Fig. 104.- Genital cell masses of C. racemosa, x330. (0.01 mm), 
Fige.105.106.- Sporocysts of C, racemosa, showing localized germ- 
inal epithelium and attachment organ,ao. x 54, (0,05 mm). 

Fig. 107.- Lateral view of the genital cell masses in the region 
of the acetabulum, C. racemosa, x 330. (0,01 mm). 

Fig. 108.- Optical view of the sporocyst of C, racemosa in re- 
gion of birth pore, bp; arrow points toward attachment organ, 

x 350, (0.01 mm), 

Fig. 109.- Ventral view of Cercaria trisolenata, x 150. (0.05mm). 
Fig. 110.- Dorsal view of collar spines of C, trisolenata. x 170. 
(0,05.mm). 

Fig, 111.- Lateral view of collar spines of C. trisolenata, thirty- 
six in number. x 330. (0,01 mn). 

Fig. 118.- Sketch of acetabular spines of C, trisolenata. x 540. 
(0,01 mm). 


Fig. 113.- Typical cystogenous cell glands of C, trisolenata, 


showing cystogenous granules and chromidia, x 540. (0,01 mm). 
Fig, 114, A-E.- Sketches of the developmental Stages of ©. tri- 
solenata. x 80 (0.05 mm). 
Fig. 115, A-C.- Stages in encystwent of C. trisolenate. x 80. 
(0.05 mm). 

Plate VII. 
Fig. 116.- Encysted C, trisolenata. x 150. (0.05 mm), 
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Fig. 117.- Redia of C, trisolenata. x 50, (0,05 mm), 


Fig. 118,- Longitudinal and transverse muscle fibers of the di- 


gestive tract of CO, trisolenata, showing myoblast connections, 


x 730, (0,01 mm), 
Fig, 119.- Peripheral longitudinal muscles of C, trisolenata, 
x 730, (0.01 mm), 
Fig. 180.- Genital cell masses of C, trisolenata, x 220, (0,05mm), 
Fig. 121.- "Butterfly stage" in development of the central 
nervous system of C. trisolenata, x 330. (0.01 mm). 
Fig. 122.- Differentiating stage in development of the central 
nervous system of C. trisolenata. x 330 (0.01 mm), 
Figs,123,124.- Lateral and dorsal views of the central nervous 
system of C, trisolenata. x 330. (0.01 mm). 
Fig. 125.-. Central nervous system of the redia of 0, trisolenatea. 
x 220, (0.05 mm), 
Fig. 126,.- Distribution of the nerve celis in the redia of C. 
trisolenata, median sagittal section, x 330, (0,01 mm). 
Fig. 127.- Detail of the peripheral nerves of the redia of C. 
trisolenata. x 540. (0.01 mm), 
Figs. 188-133.- Transverse sections thru C, trisolenata, at levels 
aa to ff of fig. 109, x 330. (0.01 mm), 

Plate VIII, 
Fig.134,- Ventral view of Cercaria biflexa, showing salivary 
gland cells. x 105. (0.05 mm). 
Fig. 135.- Ventral view of C. biflexa, showing excretory system. 
m 2o5,~ ‘(0,05 mm). 
Fig, 136.- Spine collar of C. biflexa, lateral view. x 330, (0.01) 
Fig. 137.- Redia of C. biflexa. x 170. (0.05 mm). 
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Fig. 138.- Detail of three flame cells in cephalic region of 
GC, biflexa. x 540. (0.01 m). 
Fig. 139.- Genital cell masses of C, biflexa, x 170, (0,05mm), 
Fig. 140,- Posterior end of redia of C, trisolenata. x 540, 
(0,01 mm), 
Fig. 141.- Posterior end of redia of C, biflexa, x 540, (0.01 mm), 
Fig. 142.- Ventral view of Cercaria gracillima, x 830. (0.05). 
Fig. 143.- Excretory system of C. gracillima, x 350. (0.05 mm). 
Fig. 144.- Dorsal view of trunk of C. gracillima. showing eye- 
spots and salivary glands. x 350 (0.05 mm), 
Fig, 145.- Detail of flame cell of excretory system of C.grac- 
illima, x 750, (0.01 mm). 
Fig, 146,147.Sporocysts of C. gracillima; fig, 146, x 14; fig.147, 
x 61, (0.5 mm). 
Fig. 148,a-G.- Stages in development of C, gracillima. x 50. 
(0.05 mm), 

| Plate IX, 
Fig. 149.- Genital cell masses of C. gracillima. x 270. (0,05 mm). 
Fig. 150.- Nervous system of C. gracillima. x 540. (0,01 mm) . 
Fig. 1i~ Central nervous system in a very young germ-ball of 
C, graciliima. x 540, (0,01 mm). 
Fig. 158.- Transverse section thru esophagus glands of C, grac- 
illima, x 540. (0,01 mm). 
Fig, 153.- Transverse section thru region slightly posterior to 
that shown in fig. 156, 
Fig. 154.= Transverse section thru salivary glands of C, grac- 
illima. x 540.. (0.01 m). 
Fig. 155.- Ventral view of Cercaria tuberistoma, x 170. (0.05 mun ) 
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Fig. 156, A-F.- Stages in development of C, tuberistoma, x75, 
(0.05 mm), 


ad 


Figs. 157, 158.~ Sporooysts of CO, tuberistoma, x 54, (0.05 mm), 
Fig. 159.- Section thru liver tissue of Physa gyrina Say, showing 
infection of Cercaria biflexa; a, disintegrating cecum; b, broken 
down connective tissue; c, section of worm. x 170, (0.05 mm). 
Fig. 160.- Section thru liver tissue of Lymnaea proxima Lea, 
infected with Cercaria micropharynx; a, fatty bodies in degener- 
ating cecum; b, vacuoles; c, sloughing tissue; d, karyolysis; 

e, section of worm. x170, (0.05 mm). 

Fig. 161.—- Section thru liver tissue of Physa gyrina Say, in- 
fected with Cercaria gracillima; a, cytolysis; b, fatty globules; 
c, karyolysis; d, vacuolization; e, fibromata; f, sand inolusinons; 


= 
— — 


Z, section of worm, x 240, (0.05 mm). 
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Ernest Carroll Faust was born in Carthage Missouri, Septem- 


ber 7. 1890. He attended the public schools of that place, 


graduating from the high school in 1907, He attended Oberlin 


| College from 1909 to 1918, at the end of which time he received 


the degree of A.B, The degree of M. A, was conferred on him 


Dy the University of Illinois in 1914, He has done graduate 


work in the University of Michigan (1912), the University of 


Montana (1915-1916), the University of Chicago (1916) and 


the Marine Biological Laboratory at Woods Hole Mass (1913), in 


addition to work in the University of Illinois. 


From 1907 to 1909 he taught in a private academy at 


Pairview Missouri. In 1912 he held an assistantship in Botany 


in Oberlin College, During the years 1912-1913 and 1913-1914 


he was research assistant to Professor Henry B. Ward at the 


University of Illinois. From 1914 to 1916 he was instructor 


in biology in the County High School at Missoula Montana, 


During the year 1915-1917 he was fellow in zoology in the 


University of Illinois, 


He was elected to. Phi Beta Kappa at Oberlin College in 


1913, Sigma Xi at the University of Illinois in 1913, and 


University of Illinois in 1914, 


Kappa Delta Pi at the 


The following publications have been written by Mr.Faust 


either as author or coauthor: 


1913. Size Dimorphism in Adult Spermatozoa of Anasa tristis, 


Biol, Bull. ,25: 887-303. 


i | 1915, Size Dimorphism in the Spermatozoa from Single Testes, 


(Faust and Professor Charles Zeleny). Jour, Exp. Zool., 
18: 187-240, 
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imorphien in Size of Spermatozoa and its Relation to 
a Ck omosomes, (Faust, and Professor Charles Zeleny), 
90, Nat. Acad. Soi. ,1:91-94, 

in ental Methods in Teaching Biology in Secondary 
nools. School and Society, 4: 694-699, 


s on the Cercariae of the Bitter Root Valley, 
Jour, Parasit. ,3:105-123. 
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